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etter Steels Are Coming— 
from the Tests War 


Out of today’s grueling war tests are coming better 
steels for tomorrow. In Britain, Russia, North Africa, 
and the Far East equipment built of American steel is 
setting new performance and endurance records. 


: But, we have not yet come to the end, for world-wide 
battle tests are pointing the way to new requirements 
that are being met in the laboratories and the steel 
mills of America. 


Inland is actively taking its place in this new phase of 
the steel age. Before World War II Inland gave to 
industry such valuable steel mill products as: high. 
strength Hi-Steel; fast machining Ledloy; finer cold 
reduced tin plate; etc. 


Today, with greatly enlarged research facilities and 
the valuable experience of exacting wartime produc- 
tion, Inland is looking forward to meeting the steel 
needs of America at peace. 
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Vague Specifications for 


Surface Quality Hamper 


By C. F. Nagel, Jr. 


hiet Metallurgist 
Fabricating Division 
Aluminum Co. of America 
irgh, Pa. 
“ ELOCITY of plane production can be 


greatly increased with existing plant 

equipment (and cost correspondingly 
reduced) by placing certain inspection stand- 
ards on a precisely determined basis in place of 
the existing indefinite, variable and often opin- 
ionated anchorage.” 

That statement, with supporting facts, was 
made before the Institute of Aeronautical Sci- 
ences nearly two years ago. A definite plan of 
corrective action was suggested, but unfor- 
tunately nothing came of it. The hampering 
effect of improper restrictions is still with us; 
all its old baleful influences are still felt. A 
restatement of the case is warranted, for the 
American air forces need immediate action and 
results. 

That statement, because of its brevity, may 
not be understood, or because of lack of sup- 
porting data may not be believed and, so, not 
So let us spend a little time in 
eXamining some facts. Let us not judge until 


accepted. 


those facts have been weighed. 

lt is the author’s conviction, from more 
than 20 years’ close contact with the production 
of minum aircraft materials, with the air- 


cra’! manufacturers’ problems, and with the 
Structural performance of aircraft in service, 
the’ many current inspection standards (if they 
m e dignified with the name “standards”) 


Aircraft Production 


are unnecessarily stringent; that in considerable 
measure they represent unsupported and ques- 
tionable assumptions, opinions and deductions, 
rather than the product of scientifically deter- 
mined data. In consequence, the aircraft indus- 
try has been paying unnecessarily a very high 
price in velocity of production, with no com- 
pensating benefits, and will continue to pay as 
long as the present situation is permitted to 
continue. 

What is this situation with which we are 
here concerned? Briefly, it deals with the fol- 
lowing three questions: 

1. Which of the many properties and quali- 
ties possessed by materials, and which serve as a 
basis of acceptance or rejection, are actually of 
importance? 

2. What standard of quality is actually 
required in each instance? 

3. How shall that standard be defined in 
specifications and determined by inspection? 

We can commence by considering almost 
any current specification for aluminum alloy 
sheet. These specifications describe the require- 
ments as to the quality of material, how that 
material shall be marked and packed, the paper 
work involved in the transaction, and so on. 
We are here interested only in the matter of 
properties and quality of materials. This may 


be segregated into two categories. 
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1) Those properties and qualities which, 
today, can be and are definitely defined, and for 
which definite limiting values are prescribed. 

(2) ‘Those properties and qualities for which 
there presently exists neither a clean-cut defini- 
tion, nor definite values of measurement. 

Under the first class come such matters as 
composition, mechanical properties and dimen- 
sions. Decision as to acceptance or rejection of 
material based on these matters is, consequently, 
not left to personal opinion or judgment. When, 


Fig. 1 Scratches Were Made With a Tool, Ground to a 
Triangular Point, and Weighted With Known Amount of Shot 


for example, the specification states a minimum 
tensile strength of 55,000 psi.. material is 
accepted or rejected on the definite value of 
09,000 Tb. minimum, and not 54,000 today and 
97,000 tomorrow. Furthermore, this determin- 
ing value is 55,000 at the plant of the materials 
producer, as well as at the plant of the plane 
manufacturer. 

This is not true, however, for those quali- 
ties which fall under the second category, and 
include such matters as flatness, straightness, 
metallurgical structure and surface conditions. 
A typical specification clause would be: “The 
material shall be uniform in quality and temper, 
clean, sound, smooth, commercially flat and free 
from severe buckles and other injurious 
defects.” These adjectives are not further 
defined in the specifications. 

Bearing in mind that specifications govern 
the acceptance or rejection both of the raw 
material and of the finished plane, and that 
they constitute the Bible for inspectors in vari- 
ous plants throughout the country, contemplate 


the practical application of that clause. Taj, 
.free fron 
When is a buckle a ever, 


. 


for example that requirement 
severe buckles. .” 
buckle? Or consider the phrase “. .comme cial) 
flat..” No piece of sheet is optically flat, but » 
what degree of waviness does it fail {o }, 
“commercially flat”? Next consider “. othe 
What should be called » 


defect, and what should not? At what degre 


injurious defects. . 


or stage should it be classed as injurious, and 
when not? [t is obvious that such requirements 
may mean one thing to one ma; 
and another thing to another map 

Does or can Inspector Jones, a! 
the plant of the materials producer. 
hold the same mental standard 
regarding these matters as Inspecto: 
Brown, at the aircraft plant? 
Encountering a lack of agreement, 
does Inspector Jones try to get, o; 
succeed in getting, Inspector Brow 


to be “more lenient”, or does Inspe: 
tor Jones “tighten up” so that th: 
material he passes will not be ques- 
tioned by Inspector Brown? Thy 
normal functioning of huma; 
nature is such that the latter pro- 
cedure is usually followed. 
Inspectors are not the only ones 
involved. Most suppliers meet com- 
plaints by attempting to remove 
the cause, even though he may lx 
convinced that no merit lies in the complaint 
Frequently that is the easiest way out; further 
more, he does not wish to create the impression 
that he is unwilling to do the best possible. As a 
result of that one demand, the supplier raises 
the standard of quality not only for that cus- 
tomer, but for his entire production of tha! 
class of material, since it is impractical to 
operate a plant to several different standards 
of inspection. This process repeats itself time 
and again. The aircraft industry may have 
concluded, in consequence, that a more pevtec! 
material has been developed at no cost to itsell. 
Such a conclusion is only an illusion. In the 


long run, while selling prices might not be 


~ 


increased, this increasing stringency of ins| 
tion requirements has operated against a reduc- 


tion in selling price, but more especially he 


caused an unwarranted increase in amoun 
plant scrap (rejects) and a general slow ‘g 
down of production speeds. 


Many others have a voice in shaping t 
“standards”. The executive or production n 
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the engineer in the aircraft plant, the 
d Navy Air forces or the civilian airline 
rs or flyers, each have their personal 
to what constitutes acceptable quality. 
e people should have a voice in shaping 
ds. but when one realizes that the stand- 
based so largely on individual opinions 
it their application rests on individual 


{ 


etations, then the confusion and waste 
© and productive efliciency that must 
should be very evident. 

ndoubtedly one effect of this condition 

has been an ever heightening of standards, 

rceptibly at any one time, but of consider- 

able magnitude when spread over a few years. 

\t this point some may say that better and ever 

better quality of materials is desired, especially 

in the aircraft industry where life and limb 

must be safeguarded. If existing circumstances 

have contributed to more perfect) materials, 

they would continue, then those circumstances 
should not be altered, 

Such a conclusion might entirely 
sound and convincing. But this may be one 
f those half-truths more misleading than a 
complete untruth whose falsity would be quickly 
recognized. The author believes that such a 
conclusion is entirely inadequate and sadly mis- 
leading. For one thing, it erroneously starts 
with such an assumption as that 


“sold plating” is necessary 


aircraft factory, but also to the condition of the 
material in the finished plane. At the very start, 
remember that a big sheet at a sheet mill may 
he rejected for a single scratch, even though the 
aircraft manufacturer later cuts a large propor- 
tion of the sheet into smaller pieces. In other 
words, 90°. of the sheet may be blameless, but 
none can be shipped. This causes much per- 
fectly good material to be scrapped, Also 
remember that what constitutes an objectionable 
scratch is, at present, a very controversial 
matter. 

To hold rejections for this cause to a rea- 
sonable figure, the sheet producer goes to great 
lengths in his manufacturing operations. This 
is nota matter of performing a particular opera- 
lion that, otherwise, would not be done but, 
rather, of meticulous care throughout all opera- 
tions in the direction of more cautious and 
careful handling and maintaining equipment in 
“jewelry” condition, all of which makes for 
higher cost and lower rate of production, At 
the aircraft plant again, extreme care must be 
exercised, One observes many signs: “Scratched 
dural is scrap dural.” In one aircraft plant, 
every sheet is first given a coat of paint, only 
to be removed when the plane is completed. 
Throughout all operations, such special and 
costly procedures are emploved to minimize the 


Depth of Penetration of Synthetic Scratches 


when, actually, “silver plating” 


might be entirely satisfactory. LOAD OX Gace or Surer (INCHES) 
th an erroneous premise, all CRATCHER 991 (a) 0.064 (a) 0.064 (b) 0.032 (a): 0.082 (b) 
following reasoning the 
Snal conclusions are Bkelv to he » Tb. 0.0007 0.0003 0.0007 0.0005 Stes 
P I Ib. 0.0013 0.0006 0.0008 0.0006 0.0005 
in error. 2 Ib. 0.0014 0.0015 0.0016 0.0008 0.0016 

So let us examine a few 4 Ib. 0.0026 0.0019 0.0026 0.0011 0.0018 

illustrative situations to deter- 8 Ib. 0.0043 0.0021 0.0032 0.0017 0.0043 
12 Ib. 0.0044 0.0032 0.0046 0.0028 0.0046 
mine whether certain “stand- 

rds’, now on a “gold plated Coating 0.0046 0.0081 0.0032 0.0018 0.0017 
basis, should not be replaced by 

(a): 248-T (bi: 248-0 


a “silver plated” or even lesser 

standard as wholly adequate. It 

is not being suggested that any changes be made 
Which might have any adverse effect, to even the 
slightest degree, upon the highest attainable per- 
formance of the plane, nor that any chances be 
taken in this respect, but only that the situation 
be studied and then only those changes be made 


such investigation proves to be correct, 
sale and worthwhile. 


mmence with the matter of scratches in 
21S sheet, now a cause for rejection, not 
luring inspection at the sheet mill, at the 


likelihood of scratching. The cost of these pro- 
cedures and the effect upon speed of production 
are very substantial. 

If this care is really necessary, if minor 
scratches really are harmful, no one could 
object. Even though there exists no uniform 
standard as to what degree of scratching con- 
stitutes the dividing line between acceptance 
and rejection, let us examine some of the rea- 
sons for rejecting scratched sheet. Briefly, they 


are an adverse effect on tensile strength, fatigue, 
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workability, resistance to corrosion, or just 


appearance. 


Are these founded on established facts, or 


are they merely opinion? Some recently deter- 
mined data throw some light on these points. 

Scratches on alclad 24S, arising in the 
manufacture of the sheet, result’ from acci- 


dentally dragging one sheet over another, or 


from coming in contact with some projection 
on the equipment. The larger the sheet and the 
thicker the gage, the more likelihood of 
scratches due to the greater weight involved. 
The width, depth, and length of such scratches 
vary, but examination has proved that the sur- 


face of high purity aluminum is never pierced. 


Fig. 2 Series of Photographs (at 100 Diam- 
eters) of Cross Sections of Scratched Sheets. 
White stripes represent high purity alumi- 
num coating, darker underlying portion ts a 
little of the 24S core. Weights on scratching 
tool were 0.5, 1, 2, 4, 8 and 12 lb. respectively 


To make a quantitative estimate th 
effect of scratches, test specimens were p: vared 
with scratches of known dimensions. Th. s wa, 
done with a simple device illustrated in “ig, | 
The depth of cut was controlled by the Jogg 
applied to the cutting tool. In this manner 
series of specimens was prepared with cutting 
loads ranging from 8 oz. to 12 Ib. In accordane 
with present inspection standards (insofar as 
that matter can be stated today) a scrate 
equivalent to that made by our 2-lb. load would 
cause rejection, 

First the specimens were cut in cross se 
tion to definitely determine the depth of thy 
scratch. The composite photograph (Fig. 2 
illustrates the depth of scratches produced wit! 
loads of 4%, 1, 2, 4, 8 and 12 Ib. reading fron 
top to bottom. The scratch appears as a V j 
the coating. The heavier cuts produce scratches 
that are considerably deeper than anything 
occurring in the manufacture of the material 
The table on page 325 shows their depth. 

Tensile specimens were then cut from thes: 
various samples; tensile strength, yield strengt! 
and elongation in 2 in. were (average of four) 


SCRATCH TENSILE YIELD ELONGATION 
None 62,540 42,320 20.0 
12 Ib. 62,660 41,920 20.5 
8 Ib. 62,640 42,680 20.5 


Since none of the values were lowered by the 
scratch only the 8-lb. and 12-lb. scratched speci- 
mens were tested. Some of the broken speci- 
mens are shown in Fig. 3. The specimens wer 
so cut from the samples that the scratches fel! 
in different but definite locations with respec! 
to the gage length, but in no instance did any 
specimen fail through the scratch. 

Next, specimens were prepared to deter- 
mine the effect of scratches upon the forming 
quality, and bent so that the scratch was located 
on the tension surface and parallel to it 
Typical of the results are that the heat treated 
sheet, 0.091-in. gage, bent 180° to 4f radius 
either at a 12-lb. scratch or in a scratch-free 
area. The thinner gages were somewhat mort 
susceptible; 0.064-in. sheet bent to 3f at 4 
scratch-free area, but only to 4¢ radius at 4 
12-Ib. scratch. It should be borne in mind (hat 
these synthetic scratches nearly penetrated th: 
high purity aluminum coating on the 0.09)-in 
sheet and actually did so on the 0.064-in. © 1m 
ple, whereas scratches produced in manufac Ul 
ing never penetrate the coating, being 
much more shallow. It is a safe predic 10? 
from these tests that the great majority o! ‘i 
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| currently rejected for scratches will be 
. form just as satisfactorily at locations 
itch as at adjacent scratch-free locations. 
istance to corrosion is another quality 

Voluminous data already exist prov- 
it. even at sheared edges where the core 
essarily exposed, the core is electrolyti- 
protected by the adjacent high purity 
cum. No one is much concerned about 
t] eared edges, so any fear concerning the 
ossible corrosion at a scratch is entirely 
ul rranted. 

(here is left the matter of fatigue. No 
laboratory test data are available. However, 
service experience is to the effect that fatigue 
failures in alelad 24S sheet are conspicuous by 
their absence. To this, should be added the 
statement that, within a relatively few weeks 
after a plane is put into service, scratches are 
produced with a greater frequency and degree 
than would ever be permitted in the raw mate- 
rial or in the plane on acceptance. 

Frequently when conditions such as slight 
scratches or other surface imperfections are 
under discussion the statement is made that such 
defects are stress raisers, and from the view- 
point of fatigue should not be tolerated. No 
one disputes the fact that a notch is a stress 
raiser and lowers fatigue endurance, but the 
error lies in the indiscriminate application of 
that principle. Upon acceptance of the initial 
premise, it is too casually applied throughout 
the plane. With this in mind, refer to the 
paper, “Fatigue Failures Affecting Transport 
Aircraft,” by H. E. Hoven of American Airlines, 
presented January 28, 1942 at the annual meet- 
ing of the Institute of Aeronautical Sciences. 
This paper lists types of airplane parts in which 
at least 20 fatigue failures or fatigue cracks 
have been noted in its fleet during the past 
three years. Of those 20 items, only two involve 
the air frame. Of these two, one was corrected 
by substitution of a heavier extruded angle 
(indicating that failure was not a matter of 
inspection standards but one of design) and the 
other was corrected by cutting the shape to a 
larger radius — also not a matter of inspection 
standards but again one of design. In other 
words, fatigue failures of parts of the air frame 
at fleet were conspicuous by their absence, 
ndoubtedly many parts of the stressed skin 
been “badly” scratched during servicing or 
iting. 

‘he above data are presented not with the 
ention that they establish that scratches 


— ts o= 


should not be considered a basis of rejection, 
but only to support the contention that the 
present “standard” of inspection is of doubtful 
validity. Development of data showing con- 
clusively the effect of scratches upon various 
properties should not be difficult. A more difli- 
cult phase would be to find a practical means 
of measuring this condition by the inspector, 
but existence of a difficulty should not be an 
argument against tackling a problem. 

Another illustrative situation is the ban 
against “pick-up” on 17S-T and 21S-T extruded 
shapes. Pick-up is a slight roughening of the 
surface, almost too slight to be detected with 
one’s finger, and results from metal tending to 
stick a trifle to the surface of the extrusion die. 
An attempt is made in Fig. 4 to show its appear- 
ance. The first and fourth specimens from the 
top show pick-up; it is indicated by the little 
dark specks. The other three specimens are 
free from pick-up. Presence of pick-up consti- 
tutes a cause of rejection, and this is again cov- 
ered by the above quoted typical specification 


clause for quality of surface. 


Fig. 3 Alclad 24S8-T, 0.091-In. Gage, 
Scratched and Tested in Tension, Eight-pound 
scratches at left; 12-lb. at right. No failure 
in any test even with these deep scratches 
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The apparent objection to this condition 
is that it may promote corrosion. Tests made 
in the Aluminum Co. of America’s research 
laboratories do not substantiate such a conten- 
tion, for Fig. | also shows these same specimens 
after they have been exposed 48 hr. to a solu- 
lion of sodium chloride and hydrogen peroxide 
in alternate immersion. Note that those speci- 
mens Which contained pick-up have corroded 
lo no greater extent than the others. Mechanical 
properties of these specimens were determined 
both before and after exposure to this corroding 
medium, and these tests confirmed the visual 
conclusion that the presence of pick-up had no 


hig. 4 Reading from top, No, 1, 2 and 3 are the 
same shape; No. 1 has “pick-up” (speckled rough- 


ness), No. 4 and 5 are the same shape; No. 4 has 


effect upon resistance to corrosion. Also, these 
tests showed that pick-up did not harm the 
static mechanical properties. 

Admittedly, neither the volume of present 
existing data, nor its scope, would be considered 
suflicient by all to immediately change inspec- 
tion standards with respect to this condition, 
but certainly it is adequate to throw suspicion 
upon the validitv of present vague inspection 
standards for surface quality, and that is all 
that the author here intends. Meeting the cur- 
rent requirements represents either high inspec- 


Vetal | ’rogress 


tion losses at the producers’ plant, or r¢ dye, 
the rate of extrusion (this reduces the ¢ 
of pick-up); either situation operates swap, 
low production from each unit of exp Sive. 
massive machinery. 

Still another instance involves so-called 
“die marks” on extruded shapes. “Die marks 
are diflicult to describe. They consist either 
longitudinal ridges resulting from the steel! qj, 
having become slightly scratched, or of long 
tudinal depressions resulting from particles 
aluminum adhering to the die. 

Presence of die marks constitutes a hasis 
of rejection. Actually, extruded sections 


“pick-up”. After 48 hr. alternate immersion 
NaCl plus H,O, specimens with “pick-up” ar 
no more corroded than smoother surfaces 


contain die marks, although some are so minut 
as to require a magnifving glass to reveal them 
No stated limiting value is in existence today 


defining what is passable and what is not. [hs 


is again a matter of personal judgment anc an 
undefined though variable standard reached )) 
inspectors in the process of time. 

The reasons for objecting to die marks « 
also rather uncertain, There exists the »\> 
picion that that condition might advers<:!s 
affect resistance to corrosion; very likely some 
might believe that the strength properties 
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affected, or perhaps the ability of the 

to form or stand up under fatigue. 
v5 an attempt has been made to show 
lie mark is. The top two specimens on 
which were cut from a thin extruded 
are free from die marks. The bottom 
the left each contain one die mark, 
out by the arrows. These specimens 
xposed to a sodium chloride hydrogen 
ie solution by alternate immersion. The 
specimens after one hour of this are 
at the right of Fig. 5. There is about as 
corrosion on the specimens free of the 
lic ik as on the others, and corrosion is no 


er along the line of the mark. This con- 


Fig. 3 
Which Had Severe “Die Marks”. 


but the author does believe that it is suflicient 
for that. 

Many other matters of quality or proper- 
lies used as a basis of acceptance or rejection 
of material might be cited, for which there 
exists no definite method of measurement or 
where the standard of inspection is of question- 
able validity. These other matters are small 
blisters, nicks in extruded shapes and tubing, 
and straightness of extruded sections. 

Both static and fatigue tests have demon- 
strated that nicks and various surface imper- 
fections in tubing are not nearly as damaging 
as rivet holes, whether filled with a rivet or 
not (and tubing is invariably joined by rivets 


Four Specimens Were Cut From a Thin Extruded Shape, Two of 


Alternate tmmerston in NaCl plus H,O 


for one hour failed to show selective corrosion along the die marks 


tradicts any contention that corrosion will com- 
mence sooner along a die mark, 

It would not be expected that such a small 
depression, running longitudinally to the length 
of the specimen, would show any effects on the 
static mechanical properties and this was found 
i be the case. It might be thought that the 
ransverse mechanical properties would be 
ulversely affected. No tests on this point are 
iVailable at the moment, either pro or con. 
However, in examining quite a few specimens, 
iken from rejected material, the deepest die 

found had a depth of only 0.00062. in., 

represented only about 1‘. of the thick- 
the section. 
in the previous examples, it is mot con- 
that this small amount of data merits 
. “ more than to raise the question as to 
dity of the present inspection standards, 


or bolts). When failure occurs it always takes 
place through the hole and never at the loca- 
tion of the minor surface imperfection. Yet the 
cost of producing tubing so that the surface will 
pass current inspection standards is very high. 

Extruded sections are badly warped and 
twisted by the heat treating operation. No 
mechanical equipment thus far developed has 
succeeded in straightening certain sections to 
presently required standards; the final straight- 
ening is a hand job and is extremely costly in 
time and labor. Tolerances as to straightness 
do exist. Some inspectors will lay the section 
on a table when examining it for straightness, 
Others 


lav the section on its side so that any slight 


so its weight will tend to straighten it. 


spring will show to its maximum. 
Maximum straightness attainable is desir- 


able in shapes functioning (Cont. on page 428) 
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Boron—A New Vitarin 


By Norman F. Tisdale 
Metallurgical Engineer 
Molybdenum Corp. of America 
Pittsburgh, Pa. 


HE TIME for replacing some of the usual 
alloying elements in steel with more avail- 
able materials has arrived. During the 
present emergency, industry must choose avyail- 
able substitutes in place of its ordinary alloys; 
even the armed services will have to economize 
on their consumption of strategic metals. Boron 
is one of the many such substitutes which have 
been suggested. Therefore, considerable atten- 
tion has been focused on the effects of boron 
when added to cast iron and steel. 

The problem of conservation of alloying 
elements in steel has been considered by both 
governmental agencies and the steel industry. 
llowever, many problems remain to be solved. 
Certain modifications of the physical and chem- 
ical specifications of the steel are in order for 
many applications. 

A review of the literature concerning the 
use of boron is found to be somewhat confusing, 
since the quantities previously employed were 
excessive. Formerly, additions as great as 4.0% 
were used, but present day experiments by the 
writer and cooperating investigators have indi- 
cated that the element should be used very 
sparingly. Perhaps the habit of thinking in 
tonnage terms has hampered the metallurgist 
in his consideration of an element whose bene- 
ficial effects are paramount in amounts below 
! 

Two years ago a research fellowship was 
established in the Metallurgical Engineering 


for Steel and 


Cast Iron 


Dept. of the University of Pittsburgh by th 
Molybdenum Corp. of America for the purpos: 
of studying the effects of boron in steel and cas! 
iron. It was found early in this investigation 
that excessive amounts of boron (even 0.03%) 
caused hot shortness. 

This property is usually attributed to th: 
formation of an envelope of insoluble materia! 
around the grain boundaries. The presence o! 
iron sulphide in the grain boundaries of steel is 
Boron. 
when used in excessive amounts, is no excep 
tion to this rule, because of the precipitation o! 
films of a constituent, thought to be a solid 
solution of iron carbide and iron boride. This 
phenomenon is illustrated in the accompanying 


the classical example of this effect. 


photo-micrograph at 500 diameters, which 
shows the structure of a red-short steel con- 
taining 0.03°° boron, quenched from 1800" F 
The grain boundary envelopes indicate the 
insolubility of the new constituent in austenite 
at that temperature. 

As long as the grains are not complete! 
surrounded by this embrittling constituen!, 10 
red shortness is encountered. In some steels. 
as much as 0.008° boron may be present with 
out the formation of this closed envelope, but 
less than 0.003% is generally recommended and 
is being used commercially by a numbcr o! 
steel companies at present. In this small (ual 
tity boron has been found to be bene: cial 
There is some indication that by such add. ions 
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the tensile strength is increased without notice- 
ibly changing the reduction of area or per- 
centage elongation. 

Increased physical properties account for 
the use of boron in crankshafts and other auto- 
mobile parts. It has been used successfully in 
hot rolled spring steels of large cross-section to 
increase hardness penetration (hardenability). 
lhe need for conservation of chromium has led 
to the development of 
molybdenum-boron steels in which the major 
alloying elements are kept on the low side of 
their normally specified ranges, thus resulting 


new manganese- 


in a desired economy. 
In cast irons, 0.02 to 0.10% 
effectively with beneficial results, since large 


boron is used 


umounts of iron carbide (FesC) are present to 
hold the in This 
element inhibits graphitization, thus tending to 


iron boride solid solution. 


Vhree Months From Order to Delivery. 


Microstructure of a Hot-Short Boron Steel 
(0.03% Boron), Water Quenched From 1800 


F. 


Electrolytic etch, magnified 500 diameters 


produce white fractures in which the carbon is 
present in the combined form. Boron, there- 
fore, acts as an agent for the control of depth of 
chill in iron rolls, and also increases surface 
hardness. 
that the complex carbide (Fe ,C-Fe.B) exists 
when boron is added to cast iron and is respon- 
sible for the above effects. See particularly the 
work by P. G. Basrem and L. Guinier, Jr., in 


Previous investigators have shown 


Carnegie Scholarship Memoirs for 1938, ab- 
stracted in Mera, Progress, April 1939, page 396. 


New developments in the method of adding 
boron to iron and steel are also responsible for 
A 
recently developed ferro-boron containing 10 to 
14% boron has resulted in higher efficiency and 
greater recovery than was formerly effected 


the commercial success of this element. 


when borates or boron ore were used as addi- 
tion agents. Since a few thousandths of one 
per cent of boron will produce very marked 
changes in the physical properties of the prod- 
uct, efliciency and accuracy of control of the 
boron additions are essential. This low melting 
point ferro-boron dissolves readily in the steel, 
and the boron acts as a ferrite strengthener and 
an agent in the formation of complex carbides. 

Research is now in progress for the use of 
this element in plain carbon as well as alloy 
steels and irons. Technical data on these experi- 


ments may be expected in the near future. 


Baldwin Locomotive Works completes first 


freight engine on large lease-lend order, designed, engineered and built in record time 
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Standardized Method; 


for Determining Austenitic 


By The Steel Standardization Group 
Bethlehern Steel Co. 
Carnegie-lIllinois Steel Corp. 
( hrysler Corp 

Lakes Steel Corp. 
Pittsburgh Crucible Steel Co 
Republic Steel Corp 

The Timken Roller Bearing a 

steel & Tube Division 


S NOTED by the Editor of Merar Progress 
in his “Critical Points” for November 
1911, the “Steel Standardization Group” 
has been holding monthly meetings for over ten 
vears in an effort to standardize test methods, 
so that any laboratory in any of the plants of 
the participating group could check the results 
of any other. Its work had nothing to do with 
specifications, quality of material, or produc- 
live operations. However it was well known 
that many details of common testing procedures 
were left to the judgment of the operator, and 
the cumulative effect of normal variations was 
loo great for satisfactory check tests. 

Among the several test methods scrutinized 
in detail were the methods for determining the 
austenitic grain size of steel. Austenitic grain 
size has long been known to have a measurable 
influence on machinability and on harden- 
ability. Standardized methods described below 
for the determination of grain size were devel- 
oped by The Steel Standardization Group 
during the period 1987 to 1939. The need for 
such methods became apparent during the 
course of the committee’s work, when it) was 
found that wide disagreements were existing 
among the nine cooperating laboratories work- 


ing on samples of the same steel. 


Grain Size of Stee! 


First to be standardized was the MeQuaid- 
Ehn method because of its widespread use at 
that time, and because it provided a means of 
studving the grain size of steels in the core and 
transition zone as well as in the hyper-eutectoid 
case. The “oxidation method” was standard 
ized later because it provided a simple and 
shorter method of testing and introduced no 


change of composition (as does carburizing) 


McQuaid-Ehn Method 
Preparation of Sample-— For samples tron 
standard 1'x-in. bar, see Fig. 2, opposite. 

For other sizes and shapes, the following types 
of samples shall apply: 

a’ Round bars: If 1 in. in diamete: 
larger, see Fig. 2: if smaller than 1 in. in diameter, 
see Fig. 3. 

(b) Square bars: If 1 in. or larger, see Fig 
ft; if less than I in., see Fig. 5. 
Rectangular sections: If the flat face ts 
if the flat face is unde! 
| in., see Fig. 7, which also applies to all flat spring 


| in. or over, see Fig. 6; 
sections, 

Microscopic examination shall be made in the 
areas marked A, as representative of the case o! 
the freshly cut surface; and in the areas B, as te}r 
resentative of the case of the sealed surface o1 
bar surface of the stock. 

Extreme care shall be taken in the eutt 
samples for carburizing. Experience shows 
culling samples on the high speed cut-off wv 
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(any Material She Thick 
Gover to Be of Sane Senate fort sample fram Bar 
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ls of Standardized for Determining 


nitic Grain Size in Steel, Agreed Upon by 


The Steel Standardization Group. 


box, heating cycle and siz 
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may interfere with the absorption of carbon. 
Therefore, surfaces which have been cut on a high 
speed wheel and are later to be examined under 
the microscope shall be ground before carburizing. 

Carburizing Compound —— The carburizing com- 
pound shall be made with hardwood charcoal, 
using the size known to the trade as “No. 6” 

COMPOSITION OF 


SCREEN ANALYSIS FINISHED COMPOUND 


100% through Gmesh BaCO, 10% 
30% on 8mesh CaCO, . 
69% on 14mesh Na.CO, ..... 2% 


Hardwood charcoal ..Balance 


The oil binder used is Pennsylvania grade 
motor oil conforming to S.A.E. No. 20. 

Small, air-tight packaging is reeommended to 
maintain an even moisture content (4% max.). 

Carburizing The carburizing box shall 
be according to Fig. 1, page 333, which also indi- 
cates the thermocouple tube and the position of 
the inside thermocouple. 

Packing of Samples At least 1 in. of com- 
pound shall be placed between the samples and 
the top, bottom, and sides of the box, and there 
shall be a minimum distance of 1 in. separating 
any two samples. This space shall be filled with 
compound, Only new compound should be used 
in packing samples. 

Carburizing Procedure — ‘The furnace tempera- 
ture shall be 1700° F. when the box is charged 
and shall be so regulated that the temperature of 
the thermocouple in the box shall reach 1700° F. 
in 40 to 50 min. This temperature shall then be 
maintained for exactly 8 hr. Cooling shall then be 
immediately started and maintained at the rate 
shown on Fig. 8, page 333, depending upon the type 
of steel used. 

Heating, holding, and cooling curves of the 
box couple shall be shown with report. 

Etching —- After preparation (polishing) of the 
sample, it shall be etched for examination of the 
hyper-eutectoid zone in cold sodium picrate solu- 
tion about 40 sec. with a current of six volts (speci- 
men the anode), the etchant made-up in accord- 
ance with Formula 22, page 724 of the 1939 Edition 
American Society for Metals’ Handbook.* (The 
use of boiling sodium picrate for 5 to 10 min. is 
optional.) 

For the hypo-eutectoid zone and core, 2% 
nital shall be used. 

Grain Size Measurement — Grain size shall be 
measured by the chart in American Society for 
Testing Materials specification E19-39T.+ Mag- 
nifications for grain size shall be 100 diameters. 

Examination of grain size shall be made on 
both the rolled surface (“B” in the figures) and 
cut surface (“A” in the figures on page 333). 
If the variation is not over three numbers on both 


surfaces, one record only will be necessa y. |, 
the event that variation is over three numbe sg, th, 
amount of variation, together with location sho) 
be reported. 

Photomicrographs of the grain size 10 
diameters shall be 442 in. in diameter. Tho edg, 
of the case shall be 44 in. from the outside edgy 
of the print. In mounting the photomicrog iphs 
the outside edge of the sample shall be toward th, 
top of the page. 

The hyper-eutectoid zones shall be recorded 
for grain size and recorded as the “Hyper-Eute 
toid Zone”’. 

In special circumstances, where it is believed 
that the standard size photomicrographs are no! 
desirable or where areas at 500 magnifications ar 
to be recorded, any size of print may be used. Th 
preferred size of print for 500 diameters (4'» by 
614 in.) and that for 100 diameters are illustrated 
in Fig. 9, page 333. 


Oxidation Method 


Preparation of Sample — Proceed as described 
above under MceQuaid-Ehn method, with the excep- 
tion that no cut is made after oxidation, since sur- 
faces to be examined are exposed during the entir 
test. Grind and polish these surfaces, finishing 
with 400 alundum on canvas. 

Oxidation —— In the case of steels not to be car 
burized, insert the sample, polished surface up 
into a furnace heated to 1600° F. Remove afte: 
one hour and quench in cold water or brine. 

Steels intended for carburizing are inserted 
removed at the 


into a furnace heated to 1700° F 
end of six hours and quenched in cold water o! 
brine solution. During the first five hours, oxida- 
tion should be checked by placing a cover of smal! 
volume over the test pieces. The cover is removed 
for the last hour. 

Polishing — ‘The quenched test piece is then 
polished with 600 alundum and finished with lev! 
gated alumina, avoiding the removal of excessive 
amounts of the oxidized surface. 

Etching — Etch in 15% hydrochloric acid in 
ethyl alcohol from 2 to 10 min. Fresh etchent ts 
recommended. 

Grain Size Measurement — Follow procedur 
outlined under the MeQuaid-Ehn method above, 
considering oxidized surface and hyper-eutectotd 
zone to be equivalent for this purpose. 2 

*Solution of 2 g. picric acid and 25 g. sovlun 
hydroxide in enough water to make 100 ml. © 
prepared by dissolving 25 g. NaOH in 60 ml. w-ter, 
add 2 g. picric acid and heat until dissolved; ‘e? 
make up to 100 ml. with distilled water.) Mo ‘ure 
should always be alkaline to litmus. 

+See Data Sheet, Merat Progress, October 
Reference Issue, page 452. 
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By A. J. Langhammer 


and Milton F. Smith 
Amplex Division, Chrysler Corp. 


AA 


cn 


WO steps in the fabrication of porous bear- 
ings require the use of dies, namely the 
briquetting or compacting process, and the 

sizing or finishing process. In the former opera- 
tion, the loose metal powder is compressed 
under high pressures. The grains are distorted 
as they are brought into intimate contact, and 
are packed so closely together that they inter- 
lock and form a briquette ready to be heat 
treated. Like sand, these particles tend to move 
in only one direction. In the second operation 
of sizing or finishing, the heat treated or sin- 
tered part is now formed to precision tolerances 
by a unique process of sizing which replaces the 
older machining methods of turning, boring, 
facing, and reaming. It gives the bearing sur- 
faces a fine burnished finish, accurate as to out- 
side diameter, inside diameter, and length. In 
both operations, hand or non-production dies 
may be made before production tools are 
released, if old dies are not available to carry 
out the preliminary experimental work. 

A simple set of briquetting tools has two 

staionary parts and two movable parts. The 
first figure shows a hand die set-up and the 


otier two a set of production tools, Stationary 
par's are B, the die, which forms the outside 
d ter of the bearing, and C, the core rod, 
Wich forms the inside diameter. The mov- 
al irts are A, the upper punch, which trans- 
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mits pressure and forms the upper end of the 
briquette and D the lower punch, which forms 
the lower end of the bearing and ejects it from 
the die after compression. 

At the start of the production cycle the bot- 
tom punch is in the down position, providing a 
well. The loading shoe first moves over the well 
and fills it with powder. When the loading shoe 
is clear of the die cavity, the upper punch is 
brought down into the well and compresses the 
briquette. As the upper punch is removed from 
the well, the top of the lower punch is raised 
flush with the face of the die, ejecting the 
formed briquette and then returning to the 
lower position. The loading shoe brushes the 
formed briquette aside and at the same time 
reloads the die. The briquette expands some- 
what, so it cannot drop back in the well. 

A set of sizing tools, such as illustrated in 
the last drawing, has one stationary part and 
two movable parts. The stationary part is the 


Parts up to 7‘. In. Diameter Pressed of 3 Parts 
99% Iron Powder (Low in Carbon and Silica) 
and 1 Part Copper Powder. Courtesy Chrysler Corp. 


It 

9 


As the only adjustment for length is 
length of the dies, this can be calculate 


Wel 


fro; 


7495 00000 
‘Oil Hardened Joo! &tee/) 300 
A 
l Ne, B 
(High Speed Stée/) | 
, ‘ 
4 i i 
2 
formed 
G6 
core Koo, 
(High Speed Stee!) 
GWe 
lower Punch, 
(Oil Hardened Joo! Stee!) 


G=Ground Surface 

GW= Hardened, Ground & Supertinished 
Drawing of Experimental or Hand Die for 
Plain Cylindrical Bearing. Ratio of die 
fill to briquette volume is roughly 3 to 1 


die, which controls the outside diameter of 
the bearing. The movable parts are A, the 
punch, which sizes the inside diameter of the 
bearing, and D, the “knockout”, which ejects 
the bearing from the die. In the sizing tool the 
pressed and sintered piece is first placed on 
the die and then forced into it by the punch 
which, while descending, sizes the bore or 
inside diameter of the bearing. The bearing 
is finally ejected from the die with the sizing 
knockout, D. 

Certain calculations are always involved 
in the design of briquetting tools. The amount 
of stock which is to be left on the outside and 
inside diameter of the piece for sizing and 
also its length must be determined. Other 
necessary measurements are the dimensional 
changes of the bearing in heat treatment. 
Thus to achieve the desired outside diameter 
of 1.000 in. we must add 0.010 in. for sizing 
stock, and 0.010 in, for shrinkage during sin- 
tering. Under these conditions the inside 
diameter of the briquetting die would be 
1.020 in. The length of the briquetting die 
depends on the finished length of the piece 
and the density of the powder. If the 
briquette is to have a density of 6.0 g. per ce., 
and the powder’s apparent density is 3.0 g. 
per ce., then the height of powder in the well 
should be twice the length of the briquette. 


the ratio of density, powder to briquette. Normal) 


this ratio approximates 3 to 1. 
The choice of steel for the die parts may 


made on the basis of cost per bearing 


a production of more than 500 pieces is required 
Cost of the steel is usually but a small proport), 
of the cost of the finished die, but we may ta} 


the following exaggerated examples: 


| 
Jip 
(Tool Stee! O11 Herdened t 
+00000 +0 0002 
0.0000 
7495 De, B 
490 +0002 
— 
| 
< OW: 4 
Vigx4s? 
Briquette | of: 
GW 
A r ry 
Briquetting Core Rod, 
i$ (High Speed Stee! 
4748 C-62 herd.) 
Briquetting Lowe 
D ~ Too! Ste), Oil 
Hardened to 
Y 


Production Dies for Plain Cylindrical Bearing 


Ratio of die fiil to briquette volume is roughly 


to 1. G means hardened and ground surface. GW 
means hardened, ground and superfinished sur/ac 


Dik Co 

Cost o1 Lire OF 
STEEI STEEL IN Dut Dir (Preces) Per Pu 
A S30.00 50,000 S0.000 

B 25.00 20,000 0.001 

15.00 7.000 0.002 


Thus, “A” grade steel is most economical | 
run of 50,000 pieces, if it costs no more to 

into a tool than the others. For certain parts 
use of steels with high wear or abrasion | 


ance is good practice. Parts of the dies which 


Vetal Progress; Page 336 


p! Vides 


} 
| 
\ 
4 
- 
| 
| 
al 
ke 
the 
sl 


tions, or are subject to movement, are 
vy made of steels chosen for their 
ess. High speed steel, because of its 
« qualities, is selected for the briquetting 
| core rod, as well as for the sizing die 
neh. Oil hardening toolsteel may be used 
antage for the upper and lower briquet- 
punches and for the sizing knockout. 
al care should be exercised to eliminate 
sections, to provide liberal radii, and to 
other elements of good practice. 
Por fabricating simple parts, such as the 
drical bearing illustrated, any number of 
rent standard presses may be employed, 
particularly if the part is relatively short. 
Mechanically activated presses are generally 
used for parts requiring low tonnages, and 
hydraulic units for high tonnages. Economy 
usually dictates a mechanical press for small 
parts and a hydraulic press for large parts, even 
though the latter is slower in action, less adapt- 
able, and often a more costly machine. S 


i 
Punch,A 


3% 


r 


Sizing Stripper, B 


Sizing Die, C 
- Table 


16X45? 


Sizing Knockout, L 


cas 


y Tools for Plain Cylindrical Bearing. Siz- 
yunch A and sizing die C are high speed 
hardened to Rockwell C-62. Stripper B 
knockout D are oil quenched toolsteel C-58 
Working surfaces marked G are hardened 
round; GW are superfinished in addition 
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Heavy Alloy 


By G. H. S. Price, S. V. Williams 
and G. J. O. Garrard 


Extracts from “Heavy Alloy Production, 
Properties and Uses”, Metal Industry (London), 
Dec. 5, 1941, p. 354; Dec. 12, p. 372; Dec. 19, p. 394. 


HILE INTEREST of recent vears has cen- 

tered in the production of light alloys, there 
are certain purposes for which a heavy metal or 
alloy is required and thus “G.E.C. Heavy Alloy” 
was developed by the British General Electric Co., 
Ltd. 

In the search for a heavy metal, tungsten 
with density of 19.3 g. per cc. seemed to be the 
best springboard. Production of large pieces of 
pure tungsten is not practical but with the addi- 
tion of nickel and copper, alloys were obtained 
showing a density of 16.5 to 17 g. per ec. and a 
tensile strength comparable with that of a good 
quality steel. Since the expression “heavy metal” 
is reserved for alloys having a density of 16 g. per 
ec. or higher, only alloys containing 80° or more 
tungsten were investigated. When an alloy of 
intermediate density is required molybdenum can 
be substituted for all or part of the tungsten in 
heavy alloy. In this way has been prepared a 
complete range of sintered powders with densities 
ranging from about 10 up to 17 g. per ce. 

Satisfactory alloy can be made from a mix- 
ture of tungsten powder with 10°. nickel powder, 
but the jatroduction of copper permits a lower 
sintering temperature with a marked improvement 
in the properties. In sintering, the molten copper 
“wets” the tungsten particles and cements them 
together, whereas the nickel tends to segregate. 

Requisite quantities of tungsten, nickel and 
copper powders, suitably fine, are thoroughly 
mixed together in the dry state. A small quantity 
of a solution of wax in benzol is then added for 
binder, and the mixing continued until all the 
solvent has evaporated. The binder makes it pos- 
sible to press coherent masses at much lower 
pressures than would otherwise be necessary; a 
pressure of from 5 to 10 tons per sq.in. is generally 
quite satisfactory. 

The pressed pieces are slowly heated to 
approximately 1825° F. in a reducing atmosphere 
in a muffle furnace. The heating cycle must be 
slow if disruption of the pieces is to be avoided. 
During this pre-firing (Continued on page 406 
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By The Editor 


O NEW YORK, and attended an afternoon’s 
discussion on “Ores, Metals and the War” 

at the Mining Engineers’ annual convention. 
Organized by Ropert McConne i, formerly in 
charge of conservation and substitution prob- 
lems for OPM, it was conducted by many of 
his former associates, men who are in a posi- 
tion to know what the present situation is. 
Puzzled, however, by the discrepancy between 
the general statements made at the meeting 
and others released by the War Production 
Board in recent weeks. Truth to tell, many 
generalities are indulged in, with little actual 
data slipping past the censor... . . Take 
chromium, for instance. The general impres- 
sion thrown out was that interrupted imports 
would be replaced by Montana 


One year's sources, now producing at the 
supply of rate of 80,000 tons of 40% Cr per 
chromite year, with some 170,000 tons more 


capacity coming in by year’s end, 
a total of 250,000 tons. How this can replace 
our missing imports, at least double that total, 
is understandable only by the restriction of 
metal and refractory ore to the manufacture 
of steel and alloys with A-1 priority, and a cor- 
responding elimination of many non-war uses 
of chemical ore. In other words, we're on 
starvation rations . .. It was stated that in 
January the control board released only two- 
thirds of the chromium available. Thus the 
government was doing a little hoarding of its 
own, defensible enough in the light of the fol- 
lowing facts drawn from the report of the 
National Academy of Sciences’ Advisory Com- 
mittee on Metals and Minerals, and released for 
publication by the War Production Board: 
“As of Sept. 19, 1941. A. significant point, 
which possibly will not be indicated till the end 
of the year, is that during the next 60 to 65 days 
we expect to clean up all the surplus stocks of 
chromite in the world, and thereafter we shall be 
on a current production basis. Except for increased 
production in the United States and Alaska, we 
cannot expect to increase our foreign supply 
appreciably regardless of the shipping situation. 


Metal Progress: 


Critical Point; 


It would be too optimistic to anticipate that 
domestic production could be increased beyond 
about 200,000 gross tons of ore per year. Imported 
ores have been arriving to date at about the rate 
at which they are being consumed. It is quite 
evident, however, that should the importation oj 
ore be curtailed, the stocks together with the ore 
that can be produced in this hemisphere would not 
last for more than about a year.” 

Discouraging additional facts: The Cuban 
ore deposits are good for firebrick only; ow 
principal present source of metallurgical ore js 
far, far over seas. 


ORN between belief and doubt on hearing 
ANbREW Lerrn, technical consultant to War 
Production Board, say that the manganes: 
shortage is more potential than actual. His 
statement that there is more metal on hand 
now than a year ago and that the reserves are 
still growing still does not alter the fact that 
nearly all of this manganese was imported. A 
true believer would I be, especially of a con- 
temporaneous news release by Haro.p Ickes 
about “a domestic manganese war program of 
suflicient scope to free American steel and alloy 
production from its present reliance on foreign 
sources”, but on reading further find that a 
laboratory process, described only six weeks 
before by the Bureau of Mines 

Manganese for the beneficiation of the 18' 
said to be Mn nodules from Chamberlain, 
sufficient South Dakota, has been enlarged 
into one of three plants which 

“could produce a minimum of 312,175 tons of 
manganese metal equivalent annually, and 
would require an investment of $24,000,000". 
The horrid suspicion even enters that the llon- 
orable Secretary's political eye was not closed 
when he selected “12 plants in 10 locations in 
8 states”... .. Wonderful would it be 1! 
1942’s end we would have 10 workable deposits 
developed and producing. Meanwhile we |) 
accept Lerrn’s more circumstantial staten 
that reserves on hand, plus imports from © °4, 
Brazil, Chile and Mexico, plus production i! 
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Montana and the Appalachians), will 
is to make the anticipated 83 million 
on until we can develop new deposits 
tally become self-sufficient in manganese. 
‘o one questions our enormous resources 
grade ore; the pressing problem is to 
fj ivs to get the manganese out of it. Hasten 

vy! We need the manganese not only 
dinary steel, but extra manganese in 
ns of tons of shell steel and the man- 
se-molybdenum steels that are to replace 
, of nickel and chromium steels. Also high 
manganese steel makes excellent “tin hats”; 
don’t let us get into a position where we can’t 
make superior tank armor because we can’t 


spare the manganese! 


ASTLY encouraged, however, at this same 

Mining Engineers’ Symposium on War Met- 
als, by Puitre WILson’s report of expansion in 
American magnesium, needed immediately for 
aircraft landing wheels and crank cases, flares 
and incendiaries. Since he also is_ technical 
consultant to the War Production Board, his 
figures were not thoughtlessly published, and 
so can be quoted without risk of censorship and 
with the hope they will make Adolph, Benito, 
and the Son of Heaven nervous. The whole 
story is too long to compress into a short item 
like this; in fact, the notes which follow this 
are merely a summary of WiLson’s talk. Suffice 
it here to give the Editor’s interpretation of the 
data on plant capacities and completion dates 
aes Dow Chemical Co.’s 1938 production of 
1,900,000 Ib. has been expanded to present pro- 
duction rate of 55,000,000 Ib. per year. Here’s a 


12-fold expansion already. But that’s only a 
start. By 1942's end we will have the following 
producing capacity: From electrolytic plants 
(Dow cell) 230,000,000 Ib.; from electrolytic 
plants (M.E.L. cell) 112,000,000; by ferrosilicon 

reduction, 100,000,000 Ib.; by 
A lot of carbo-thermal reduction, 35,000,- 
magnesium 000; by pilot plants on other 
for Tokyo processes, 13,000,000 Ib.; total 

capacity 490,000,000 Ib., well over 
100 times American pre-war production .... . 
Since these plants will be ready at various 
times during the rest of this year, it is better to 
estimate the actual metal to be made. Assum- 
ing 90% plant efficiency by end of 1942 and 
100% operations by the end of 1943, we have 


the following: 


1938 4,500,000 Ib. 
1939 9,000,000 
1940 15,000,000 
1941 40,000,000 
1942 150,000,000 
1943 460,000,000 plus 


All this from the pre-Pearl Harbor construc- 
tion program. Mr. Davis said, “A very much 
greater amount of magnesium must now be 
provided; the figures are huge but the censor 
will not permit their disclosure.” One might 
guess that at the very least a 1943 building pro- 
gram equal to 1942 will be undertaken. On this 
basis the production of magnesium in 1943 will 
be boosted up to something on the order of 
600,000,000 Ib. and plant for producing at the 
rate of 800,000,000 Ib. should be in existence . . . 
Oh, ye British, Russians, Chinese and Dutch, 
hang on until we can get this thing a-going! 


Increasing the Magnesium Output 100-Fold 


apna 25 years ago Dow Chemical Co. turned 

its attention to waste magnesium chloride 
in salt-well brines treated for other chemicals; 
its successful process for making magnesium 
metal, described by JoHn 
A. Gann before the Insti- 
tute of Metals Division, 
A.L.M.E. (and reported in 
ProGress for April 
1932) was a triumph of 
dogged determination and 
eo neering resourcefulness. In the intervening 
Dow was the sole producer, despite a “ten 


sone talk ® by 
Philip D. Wilson 

cal Consultant, 
, Washington 


million dollar failure” by the American Mag- 
nesium Corp. to work out a scheme similar to 
the commercial process for electrolyzing alu- 
minum oxide in a molten fluoride bath. 

In the quarter-century American produc- 
tion of magnesium gradually climbed to about 
1,500,000 Ib. (yearly average for 1954-1938). 
[Some accusations have been made that the 
amount was purposely held low by nefarious 
agreements. In the Eprror’s view it was much 


*At the annual meeting, American Institute of 
Mining and Metallurgical Engineers, New York, Feb. 
11, 1942. 
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Top Operating Floor of Re-Distillation Building, 
Permanente Magnesium Plant. The cylinders, 
more likely due to the intensive promotion of 
aluminum, its competitive light metal, and to 
the fact that, as a byproduct, its economical 
output was limited by the demand for the other 
and principal products of the brines. | 

By 1910 the Dow company could see that 
the increased demand for metal was far too 
much for even its expanded Michigan operations 
(about 9,000,000 Ib. per vear) so it built on the 
Texas Gulf Coast and had in operation early 
that fall a plant of 18,000,000 Tb. capacity which 
performed the legendary feat of extracting 
metal from sea water. Since then the capacity 
of that plant has been doubled, so we are get- 
ting today 36,000,000 Ib. of magnesium yearly 
from the Gulf, and the end is not vet, for a 
neighboring 72,000,000-Ib. plant will start opera- 
tions early this summer, This 25-fold) expan- 
1938) American 
single company within three years is sufliciently 


sion over consumption by a 
notable in itself to warrant highest praise. 
Some remarks about the raw material are 
in order. The Michigan brines have about one 
part magnesium metal per hundred, and their 
chemical treatment consists of evaporating most 
of the water, crystallizing out the other salts 
(mostly of sodium and calcium), purifying the 
remaining magnesium chloride, evaporating five 
of the six molecules of water-of-crystallization, 
and electrolyzing the dried salt in a mixed 


whose domed tops only can be seen, are about 5 {! 
in diameter and 25 ft. tall. Wide World Phot 


sodium-magnesium chloride melt. The products 
are magnesium metal, and a usable mixture o! 
hydrochloric acid and chlorine gas. Sea wate: 
which contains only about one part magnesiun 
per thousand, but is inexhaustible and acces 
sible, is run over hydrated lime made fron 
oyster shells, the magnesium precipitated as 
hvdrate and converted to MgCl, with recirculat 
ing chlorine gas from the electrolytic cells 
Some new wells have recently been drilled t 
Michigan into a rock horizon saturated will 
brine carrying 10% MgCl — a rich enough “ore” 
to be shipped to any inland point where a block 
of surplus power is available. 

No less than three large chemical works ar 
preparing to recover chloride from = was! 
liquors, and reduce it to metal in the Dow cell 
The brines available are to be enriched by mag 
nesium from calcined dolomite (limestone cat 
rving more or less magnesium carbonatl: 
Briefly the process is to burn the dolomite in 4 
lime kiln, hydrate it, take magnesium and cal 
cium into solution by reacting with chlorid 
brines, precipitate the calcium as carbonate by 
the CO. in the kiln gases, and then recover | 
MgCl. from the solution as from a natural br 1 
Using these processes, Diamond Alkali Co. «il! 
be producing 36,000,000 Ib. per vear in norl rn 
Ohio by summer time, Union Potash 4 
21,000,000 Ib. per vear in central Texas als: 
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er, and Mathieson Alkali Works 
ib. by autumn (and another 18,000,000 
1913) in a plant in Louisiana. The 
lectrolytic cell has been modified so it 
luce no hydrochloric acid but only 
gas, also an essential war material. 
then. is total of Ib. 
capacity by plants using the Dow elec- 
cell or a modification, and working on 
mited supply of natural brines and sea 
Present production rate is 55,000,000 Tb. 


wa 
pel i (almost equal to the entire world’s in 
180. the last vear of reliable statistics). From 
these plants alone we should be getting mag- 
nesium at the rate of 90,000,000 Ib. by early 
summer (equal to the guessed-at world produc- 
tion of 1940), 135,000,000) by midsummer, 
180,000,000 by fall, and 210,000,000 by new vear’s. 

this is the good news this is 
little more than half we will have by January 
1943, because of other plants using other 
methods! 

First should be mentioned the achievements 
of the plant at Permanente. It reduces mag- 
wsium oxide (a sea water byproduct of West- 
vaca’ Chlorine Products’ plant) nearby) with 


carbon in an electric are furnace, “shock cools” 


the vapor emerging at 3800° F. by a blast of 
natural gas, thus chilling metal particles so fast 
there is no time for oxidation by the reverse 
reaction. The resulting fume (magnesium metal, 
some oxide, and carbon dust) is collected in 
protective gas atmosphere, mixed with oil to a 

in tall evlin- 


dough and re-distilled at 1400° F, 
drical alloy retorts; their upper parts form con- 
densers, and they are removed bodily and used 
as pots in which to remelt the solid crystals of 
W995, metal. The used gases and petroleum 
vapors go to an adjoining cement plant for fuel. 

In Mr. Wuitson’s words, the 24,000,000-Ib. 
plant at Permanente “is having its share of 
troubles, but it produced its first high quality 
metal last October, and is likely to contribute 
substantially toward the program”. The orig- 
inal plant is now being doubled. Likewise other 
firms are building pilot plants for using this 
carbo-thermal reduction; molten lead is being 
used by Dow Chemical Co. for fume coolant, 
by Ford Motor Co. 


he largest magnesium plant in the world 


s lo be described. Basic Magnesium Ltd. 
‘ iding near Boulder Dam ten replicas of 
ignesium Elektron, Ltd.’s English plant. 
t lant also uses an electrolytic process, but 


of fused chlorides for electrolyte, as in 


the Dow cell, the so-called “M.E.L. cell” utilizes 
a fused pure magnesite. Likewise a feed of 
anhydrous MgCl, is required, diflicult to prepare 
except by dry methods. Raw material comes 
from a vast deposit of unusually pure mag- 
nesium carbonate and hydrate minerals in 
southwestern Nevada; the rock is quarried, con- 
centrated by unique flotation technique devel- 
oped by the U.S. Bureau of Mines, calcined, and 
the oxide trucked across the state to the redue- 
tion plant. Here it is briquetted with Canadian 
peat moss for porosity and converted to anhy- 
drous magnesium chloride by chlorination with 
gas from the electrolytic cells. By vear’s end 
this one enterprise alone will be making at the 
annual rate of 112,000,000) Ib. of magnesium, 
more than the entire world did in 1940, 

Still there are other processes a-building! 
One selected by the National Academy of Sci- 
ences involves the reaction between calcined 
dolomite and powdered ferrosilicon at 2050° FP. 
in a vacuum; the magnesium vaporizes and is 
condensed as high purity metal in the water- 
cooled end of the retort. Three vears of pre- 
liminary experimentation on this process” by 
Dominion Magnesium Co.. Union Carbide & 
Carbon Corp., and Ford Motor Co, has perfected 
the details, and plants are being erected by them 
as well as by American Metal Co., National Lead 
Co.. and New England Lime Co. They have the 
advantage of being quickly built wherever there 
is available power, and will be producing 
another 100,000,000 Ib. within six months. The 
process will require pound for pound of 75‘ 
ferrosilicon, but this is easily made in a simple 
electric furnace from sand, coke and steel scrap. 
Likewise, if will need plenty of nickel-chromium 
heat resisting retorts. 

Since the ores are widespread and limitless, 
the bottleneck may be power, especially when 
these plans are superimposed on a 2-billion Ib. 
per vear aluminum program. Fortunate indeed 
we are to have the huge hydro-electric plants in 
the west. Ferrosilicon plants are being seat- 
tered around the edges of eastern industrial 
centers, where there is an apparent surplus of 
civilian power, already available. One horse- 
power of energy working for a vear will produce 
only 500 Ib. of magnesium. Again to quote Mr. 
Winsox, “The total electrolytic portion of the 
original pre-Pearl Harbor program is scheduled 
to use over 500,000 kilowatts of connected power 
for 334,000,000 Ib. of metal per vear” A big 
figure, but even so, only a fraction of what we 


can get from Grand Coulee’s power house. @ 
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Extracts from a report by 


Committee on Alternates 
for Alloy Steels 


American lron & Steel Institute 


HORTAGE of nickel led the American Iron 

& Steel Institute, during the summer of 1941, 

to convene a committee to study the pos- 
sible substitutes (for civilian use) for the con- 
ventional nickel steels of both carburizing and 
[Its ensuing report was 
summarized in Metat Progress for September 
1941.| 
carried less nickel; others contained no nickel 
but sizable amounts of chromium, with or 
without vanadium or molybdenum. Carbon- 
molybdenum steels also were mentioned, with 
which the steel and automotive industry was 
quite familiar. 

On Sept. 16, 1941, the Office of Production 
Management sharply restricted deliveries of 
alloy steel, defining “alloy iron or steel” as iron 


deep hardening types. 


Some of the recommended substitutes 
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Actual Composition 


Stondard | Alternates 
Designation Ais3so | c Mo Mn Mo 
Manufacture On Prod Own Prod 1§* ind 
Oo Temo IN1640° Q1540°R) 
Grain Size | Fine 
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on 


Compos 


Range of Proposed Alternates 


A4o3? 35/40] 75 20/35 20/30 
A 4042 40/45 | 75 20/35 20/30 
30/36 30/160! 20/35 


v2" i 1% 1% 
Distance from End in Inches 


National Emerge acy 
Alternates fo, 


Alloy Steel; 


or steel containing more than 1.65° > manganese. 
0.60% silicon, or 0.60% copper, or any inten. 
tionally added amount of other alloying ele. 
ment. This priority order made it necessarn 
to develop alternate steels for those types mos! 
seriously affected. Therefore, upon the reques! 
of the Office of Production Management | 
American Iron and Steel Institute, an informa! 
committee of 29 metallurgists selected from th 
Technical Committees of the Institute, th: 
Society of Automotive Engineers, Inc., and othe: 
interested manufacturers held several confer- 
ences and performed certain experimental work 
for the purpose of studying possible alternates 
What follows is quoted verbatim from thei! 
report, published by the Institute as “Contribu 
tions to the Metallurgy of Steel; No. 5. Possibl 
Alternates for Nickel, Chromium, and Chiro 
mium-Nickel Constructional Alloy Steels.” 


As a further means of conserving alloying 
elements in order to make them available fo! 
essential military uses certain arbitrary 
restricted limits were placed upo! 
individual elements, when used in alte! 
nate steels, by the Office of Production 
Management on December 20, 1941, a 
follows: 

“Manganese in excess of 1.65‘ ; cop- 
per in excess of 0.60%; chromium 1! 
excess of 0.60; molybdenum in excess 
of 0.60°; nickel in excess of 0! 
cobalt, tungsten or vanadium in at) 
amount specified or known to have ce! 
added to obtain a desired alloying ef! -cl- 

The study of possible alternate: wes 


ol 


confined to constructional alloy ste: 


Page 342 


rt 
cl 
| 
' 
W 
a 
a 
{ 
60! 
| 
| 
50; 
| 
4? 40 | 36 
| Mn (67 | Bo 126 | 
26 33 | 
\ cr 4 
Ni | 
Mo > 2 | 
* MnMo 
20 Aigso| | 
| 
10; 
| 


; comprised by the S.A.E. and A.LS.L. compounds called “addition agents” or “reac- 


rr » alternate steels do not embrace the tion alloys”, which contain combinations of 
. f : types of steel: Low alloy, high tensile boron, silicon, titanium, vanadium and zirco- 
st ‘ich are furnished as flat rolled prod- nium have been used in some types of steel with 
which require no heat treatment; stain- rather remarkable results. However, their use 
les ls or irons such as the high chromium is not recommended in the series of alternate 
mium-nickel types; medium chromium steels presented herein because experience with 
(2 > chromium) steels which sometimes them and knowledge as to their effects on all 
“ other elements and which are used to grades of steel is limited. Moreover, a recom- 
resist scaling at elevated temperatures; or any mendation for general use might complicate 
ass of toolsteel. problems of availability. These addition alloys 
ertain considerations on the various alloys are sO numerous in type that their introduction 
were borne in mind: into a work of this sort would tend to confuse 
Manganese. As a means of conserving low- the effort to minimize the number of grades of 
carbon ferromanganese a limit of 1.00% manganese steel and complicate the problem of mill sup- 
was set for steels in which the carbon content plies and inventories. 
does not exeeed 0.25%. For higher carbon steels 
a limit of 1.65% manganese was set. . National Emergency Adtemates 
Silicon. Because of the reported uncertainty 
of a continuous supply of ferrosilicon containing The alternates presented in the table on 


a consistent percentage of silicon, and the steel 
industry’s limited experience in the use of steels 
containing a relatively high amount, the Committee 
has adhered to the general practice of specifying < 
silicon content of about 0.20 to 0.35°%, except in the 
ease of the 9200 series. {See the Data Sheet, page 
345, for the revised numberings and chemical com- 


page 344 embrace new carbon-molybdenum, 
manganese-molybdenum, low chromium-molyb- 
denum and low nickel-chromium-molybdenum 
steels. The latter series of steels can be used 
to effect savings of chromium or nickel (or 
both) in cases where such a combination is 


positions. required because of the properties desired, and 


Nickel. Small quantities of nickel are recover- to reduce the number and type of other possible 
able from recurrent alloy steel scrap turnover. By alternates which might be suggested. The alter- 
combining this incidental or recoverable nickel with nate steels have all been identified within the 
small quantities of pure nickel or of other elements 8000 series. 

a saving in the over-all use of all such elements In all basic openhearth steels, series NE 
will be made. Therefore a maximum nickel con- 8000, silicon shall be within the limits 0.20 to 


tent of 0.60% is recommended for alternate steels. 

Chromium. Because of the possibilities of con- 
servation inherent in the use of small quantities of 
several alloying elements, as stated above, rather 
than a large amount of a single element, a maxi- 
mum chromium content of 0.60% is recommended 


0.35°, phosphorus and sulphur shall each be 
0.040% max. Small quantities of certain ele- 
ments may be found in alloy steel which are not 
specified or required. These elements are to be 
considered as incidental and acceptable to the 
following maximum percentages: Copper 0.25; 
nickel 0.25; chromium 0.20; molybdenum 0.06%. 


for alternate steels. 

Vanadium is completely restricted under Pri- 
ority Order M-23-a. 

Titanium. No specific limits are recom- ae ' 
mended, and it is not recommended for use STANDARD ENo-QueNcH HARDENABILITY Tests | | | 


in alternate steels because reduction facil- 
ctual Composition 


iti é 4 -ofere 7 N 60; 
es and priority preferences for special Atlernoler 
uses may make its general use impossible. 
2 Des gna on A2330 Cr Ni Mo cm > Mn Mo 
al > . > oye « Monufacture On Prod ind On nd ind 
is for titanium. 
Tungsten. This element is completely 
restricted under Priority Order M-3 and 340 
dated March 26, 1941, and subsequent , 
n fications. = i= 
lolybdenum. A maximum of 0.60% is 3 
recommended except for steels which must 8 on 
h special creep characteristics. 20 
. . . . . = =—? 
\ddition Agents. Special alloying Range of Proposed Alternates 
Designation Me cr Ni Mo 
10 A 40% 45/4 2 
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Table Na 


tional Emergency Alternate Steels* 


DESIG- 

NATION 
NE S024 0.22-0.28 
NE 8124 .22-0.28 
NE 8233 0.30-0.36 
NE 8245 0.42-0.49 
NE 0.35-0.42 
NE 8442 O.38-0.45 
NE 8447 0.43-0.50 
NE 8547 0.43-0.50 
NE 0.18-0.23 
NE 8630 0.27-0.33 
NE 8724 0.22-0.28 
NE 8739 0.35-0.42 
NE 8744 0.40-0.47 
NE 8749 0.45-0.52 
NE 8817 0.15-0.20 
NE 8949 0.45-0.52 


CHEMICAL COMPOSITION 


MIN Mo Ni 
1.00-1.30 0.10-0.20 
1.30-1.60 0.25-0.35 
1.30-1.60 0.10-0.20 
1.30-1.60 0.10-0.20 
1.30-1.60  0.20-0.30 
1.30-1.60 0.30-0.40 
1.30-1.60  0.30-0.40 
1.30-1.60 0.40-0.60 
0.70-0.95 0.15-0.25 0. 
0.70-0.95 0.15-0.25 0. 
0.70-0.95 0.20-0.30  0.40-0.60 0.40-0.60 
0.75-1.00 0.20-0.30 0.40-0.60 0.40-0.60 
0.75-1.00 0.20-0.30 0.40-0.60 0.40-0.60 
0.75-1.00  0.20-0.30 0.40-0.60 0.40-0.60 
0.70-0.95 0.30-0.40 0.40-0.60 0.40-0.60 
1.00-1.30 0.30-0.40 0.40-0.60 0.40-0.60 


40-0.60 0.40-0.60 
10-0.60 0.40-0.60 


* To these should be 


added the old steels A4027, A4037, A40638 


|Comparative physical properties joy 
in Table II, page 347, are scaled from 
For th 
l-in. bars were “pseudo-carburized” or 
hr. 1680° F, 


reheated to the quenching temperature (ah 


her. 
ous charts in the pamphlet. tests 
ater 


to and quenched in 


lated, so chosen to give the maximum, Iy,, 
value of the carburized sample. All se Iples 
were oil quenched, drawn 1 hr. at 400° | 


Tensile and Izod specimens were cut from thy 
core. The carburized Izod specimen was 
0.591-in. square, with O.040-in. case. | 

In addition to armament purposes thy 
principal uses of the carburizing grades ar 

1300 Series for automotive differential ring 
gears and pinions, 

2300 Series for automotive gears, knuck) 


pins, shafts and collars. 


‘ 2000 Series for aireratt engine crankshafts 
=F and truck, bus and tractor transmission and di! 
Carburizing Grades 
ferential gears. 
sie . 3100 Series for tractor transmission gears 
Phe most commonly used standard carburiz- 
oil well drilling cutters and reamers and anti 
ing stecls and possible alternates therefor are as er . 
shown in Table I. 3300 Series for aircraft engine piston pins 
and gears, and for heavy duty truck gears, bear 
Table Il— Carburizing Steels ings and pneumatic tools. 
4100 Series for automotive differential ring 
a ALTERNATE STEELS and pinion gears and tractor transmission 
aa differential gears, oil well drilling cutters and 
rion C-Mo Cr-Mo MxN-Mo Cn-Nt-Mo reamers, anti-friction bearings, and general pur- 
pose pins and shafts. 
320 027 NE 8024 . 
4 2317 A 4027 A 4125 NE 8024 NE 8620 1 ditt tial 
"=> 9089 and differential gears. 
» » ‘ SS 
A 2515 A 4027 NE 8817 
A 3120 A 4027 A 4125 NE 8024 NE 8620 1000 Series for automobile and tractor 
A 4119 A 4027 Bag NE 8024 transmission and differential gears, anti-friction 
\ 4120 A 4027 \ 4125 NE 8024 tees bearing parts, oil well drilling cutters and gen- 
32 E8124 NE 872 
A 43520 eral purpose pins shafts: also larg 
A 4620 A 4027 4125 NE 8024 NE 8620 titi ntl ft indust 
A 4820 NE 8124 NE 8724 — ustry for gears, pins 
45120 \ 4027 A 4125 NE 8024 a and similar applications, 
A 6120 A 4027 A 4125 NE 8024 NE 8620 S00 Series for truck, bus and tractor trans 
mission and differential gears and shafts, and 
oil well rotary cutters. 
0100 Series for automotive and tractor 
STANDARD ENO- QUENCH HARDENABILITY TESTS 
A3130 gears and pinions, pins and shafts. 
Actual Comporition 6100 Series for automotive truck and 
Allernates) bus differential gears, shafts and pins 
Designotion Ask Ni Me Mo Mma Mn 
Monufocture | O# Prod 407 Ind rod 1 
[iron Seg 5-6 Fins Semi-Thorough Hardening Grades 
to 26 38 
2? 28 $3 Phe currently used standard g1 
cr 3 47 . . 
” 4 of semi-thorough hardening steels 
mM ; 
pe . Cr Ni Mo sist of both water hardening and 0! 
z hardening grades. They are gener: 
20 100,000) to 150,000) psi, and in’ Bri ctl 
[Range of Proposed Alternates hardness number ranges of 200 to 
ye rignatior c Mn Si Cr N Mo 
| 75 >| 20735 20/% 
| A4o4 { 45 20/35 | Page 3 11 
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Standard Steel 


Compositions 


dy Issued, January 21, 1942, by American Iron & Steel Institute and Society of Automotive Engineers 


)penhearth Alloy and Electric Furnace Carbon and Alloy Steels 


is electric furnace steel R is re-rolling quality billets 


Basic Openhearth and Acid Bessemer Carbon Steels 


(Blooms, Billets, Slabs, Bars and Hot Rolled Strip) aan wire r s 
P s Code finish Bars Rods « Mn Max. Max. 

r Mn Max." Max. Si Ni Cr Mo C 1005 : 0.06 max 0.35 max 0.04 0.05 
80.23 1.60-1.90 0.040 0.040 0.20-0.35 Cc 1006 Q.R \ \ 0 08 max 0.25-0.40 0.04 0.05 
8.033 1.60-1.90 0.040 0.040 0.20-0.35 C 1008 Q, R \ 0.10 max 0.30-0.50 0.04 0.05 

33-0.38 160-190 0.040 0.040 0.20-0.35 CB 1008 0.10 max 
43 «1.60-1.90 0.040 0.040 0.20-0.35 C1010) R 0.08-0.13 0.30-0.50 0.04 
” 0.40—0.60 0.040 0.040 0.20-0.35 3.25 Cc 1012 Q \ \ 0.10-0.15 0.30-0.50 0.04 0.05 
23 «0.60-0.80 0.040 0.040 0.20-0.35 3.25 CB 1012 \ 0.15 max 
28 «6 0.60-0.80 0.040 0.040 0.20-0.35 3.25 1013 0.11-0.16 0 60-0 90 0.04 0 05 
8043 0.700.900 0.040 0.040 0.20-0.35 3.25 C 1014 Q \ 0.13-0.18 0.40-0.60 0.04 0.05 
43-0.48 0.70-0.90 0.040 0.040 0.20—-0.35 3.25 C 1015 Q.R 0.13-0.18 0.30--0.50 0.04 0.05 
19-014 045-0.60 0.025 0.025 0.20-0.35 4.75-5 C wie 68 0.13-0.18 0.60-0.90 0.04 0.05 
150.20 0.45-0.60 0.025 0.025 0.20-0.35 4.75-5.25 C 1018 Q 0 15-0 20 0 60-0.90 0.04 005 
43-0.48 0.75-0.95 0.040 0.040 0.20-0.35 0.60-0.80 0.60-0.80 Cc 1019 Q 0.15—-0.20 0.70—1.00 0.04 0.05 
1130.18 0.40-0.60 0.040 0.040 0.20-0.35 110-140 0.55-0.75 Cc 1020 R 0.18-0.23 0.30-0 50 0.04 0.05 
17-0.22 0.60-0.80 0.040 0.040 0.20-0.35 1.10-140 0.55-0.75 
80.33 060-080 0.040 0.040 0.20-0.35 1.10-140 0.55-0.75 
3-038 0.60-0.80 0.040 0.040 0.20-0.35 110-140 0.55-0.75 Sis 
138-0.43 0.70-0.90 0.040 0.040 0.20-0.35 1.10-1.40 0.55-0.75 1024 0 20-0 26 as 0.04 0 05 
38-0.43 0.70-0.90 0.040 0.040 0.20-0.35 1.10-1.40 0.70-0.90 © 1025 R 0.22-0.28 0.30-0.50 0.04 0.05 
43-0.48 0.70-0.90 0.040 0.040 0.20-0.35 1.10-1.40 0.70-0.90 Cc 1026 % 0 22-0 28 0 40-0.60 0.04 0.05 
148-0.53 0.70-0.90 0.040 0.040 0.20-0.35 1.10-1.40 0.70-0.90 C 1027 0.24-0.30 0.40-0. 60 0.04 0.05 
38-0.45 0.40-0.60 0.040 0.040 0.20-0.35 1.65-2.00 0.90-1.20 Cc 1029 Q 0.25-0.31 0.60-0.90 0.04 0.05 
080.13 0.45-0.60 0.025 0.025 0.20-0.35 3.25-3.75 1.40-1.75 C 1030 Q \ 0.28-0.34 0.60-0.90 0.04 0.05 
0140.19 0.45-0.60 0.025 0.025 0.20-0.35 3.25-3.75 1.40-1.75 CB 1032 R 0.25-0.40 
}20-0.25 0.70-0.90 0.040 0.040 0.20-0.35 0.20-0. 30 C 1033 Q 0.30-0.36 0. 60-0 90 0.04 0.05 
120-0.25 0.70-0.90 0.040 (a) 0.20-0.35 0.20-0.30 1034 0.32-0.38 0.50-0.70 0.04 0.05 
250.30 0.70-0.90 0.040 0.040 0.20-0.35 0.20-0.30 C 1035 Q \ 0.32-0.38 0.60-0.90 0.04 0.05 
25-0.30 0.70-0.90 0.040 (a) 0.20—-0.35 0.20-0.30 1036 0.32-0.39 1.20-1.50 0.04 0.05 
030-0.35 0.70-0.90 0.040 0.040 0.20-0.35 0.20—-0.30 1038 Q 0.35-0.42 0.60-0.90 0.04 0.05 
0.35 40 0.75-1.00 0.040 0.040 0.20—0.35 0.20-0.30 Cc 1040 Q 0.37-0.44 0.60—-0 90 0.04 0.05 
40 45 0.75-1.00 0.040 0.040 0.20-0.35 0.20-0.30 
45-050 0.75-1.00 0.040 0.040 0.20-0.35 0.20—-0.30 Cc 1041 0.36-0.44 1.35-1.65 0.04 0.05 
} 60-0.67 0.75-1.00 0.040 0.040 0.20-0.35 0.20-0.30 C 1042 Q 0.40-0.47 0.60-0.90 0.04 0.05 
64-0 72 0.75-1.00 0.040 0.040 0.20-0.35 0.20-0.30 C 1043 Q 0.40-0.47 0.70-1.00 0.04 0.05 
22-0.28 1.30-1.60 0.040 0.040 0.20-0.35 0.25-0.35 C 1050 Q 0.48-0.55 0.60-0.90 0.04 0.05 
0.31 26 1.30-1.60 0.040 0.040 0.20-0.35 0.10-0.20 
( 49 1.30-1.60 0.040 0.040 0.20-0.35 0.10-0.20 C 1051 \ 0.45-0.56 0.85-1.15 0.04 0.05 
0 42 1.30-1.60 0.040 0.040 0.20-0.35 0.20-0.30 C 1052 0.47-0.55 1.20-1.50 0.04 0.05 
0.45 1.30-1.60 0.040 0.040 0.20-0.35 0.30—-0.40 C 1054 0.50-0.60 0.50-0.70 0.04 0.05 
0.50 1.30-1.60 0.040 0.040 0.20-0.35 0.30-0.40 C 1055 Q : 0.50-0.60 0.60-0.90 0.04 0.05 
0.43—0.50 1.30-1.60 0.040 0.040 0.20-0.35 0.40—0.60 C 1057 \ 0 50-0.61 0.85-1.15 0.04 0.05 
170.22 0.70-0.90 0.040 0.040 0.20-0.35 0.40-0.60 0.20-0.30 C 1059 \ 0.550 65 0.50-0.70 0.04 0.05 
0.17-0.22 0.700.990 0.040 0.040 0.20-0.35 0.60-0.80 0.20-0.30 C 1060 0.55-0.65 0.60-0.90 0.04 0.05 
23-0.28 0.70-0.90 0.040 0.040 0.20-0.35 0.40-0.60 0.20-0.30 ~ on as 
33 «040-060 0.040 0.040 0.20-0.35 0.80-1.10 0.15-0.25 | 
> 35 69 0.04 0.05 
(0.40-0.60 0.040 0.040 0.20-0.35 0.80-1.10 0.18-0.25 C 1064 0.60-0.70 0.50-0.70 0.04 0.05 
032-037 040060 0.040 0.040 0.20-0.35 0.80-1.10 0.15-0.25 C 1066 0.60-0.71 0 80 1.10 0.04 0 05 
38 0.70-0.90 0.025 0.025 0.20-0.35 0.80-1.10 0.18-0.25 C 1068 0 65-0. 75 0.50 max 004 0.05 
0.40 0.70-0.90 0.040 0.040 0.20-0.35 0.80-1.10 0.15-0.25 Cc 1069 0 65-0.75 0 50-0.70 0.04 0 05 
0.35-0.40 0.700.909 0.025 0.025 0.20-0.35 0.80-1.10 0.18-0.25 © 1070 0 65-0.75 0 70~-1.00 0.04 0 05 
0.38-0.43 0.75-1.00 0.040 0.040 0.20-0.35 0.80-1.10 0.15-0.25 
0.40-0.45 0.75-1.00 0.040 0.040 0.20—-0.35 0.80—-1.10 0.15-0.25 Cc 1074 0.70-0.80 0.50-0.70 004 0.05 
.40-0.45 0.75-1.00 0.040 0.040 0.20-0.35 0.80-1.10 0.30-0.40 C 1075 0.70-0. 80 0.60-0. 80 004 0.05 
0.43—0.48 0.75-1.00 0.040 0.040 0.20—0.35 0.80-1.10 0.15-0.25 Cc 1078 \ 0.72-0.85 0.300 0.04 0.05 
0.46-0.53 0.75-!.00 0.040 0.040 0.20-0.35 0.80-1.10 015-0.25 
0.48-0.53 0.70090 0.025 0.025 0.20-0.35 0.80-1.10 020-0.27 C 1080 0.75-0.88 0.60--0.90 0.04 0.05 
4 ~ ‘ 
033 0.70-0.95 0.040 0.040 0.20-0.35 040-060 0.40-0.60 0.15-0.25 
22-0.28 0.70—-0.95 0.040 0.040 § 0.40-0.60 0.40—0.60 0.20—-0.30 C 1095 0.90-1.05 0.30-0.50 0.04 005 
42 0.75-1.0 0.040 0.040 0.40—-0.60 0.40—-0 60 0.20—-0.30 B 1006 0.08 max 0.45 max 011 006 
40 47 0.75-1.00 0.040 0.040 ‘ 0.40-0.60 0.40-0.60 0.20—-0.30 B 1008 R 0.10 max 0.30-0.50 0.11 0.0 
45—0 52 0.75-1.00 0.040 0.040 5 0.40-0.60 0.40—-0.60 0.20-0.30 B 1011 0.13 max 0.50-0.70 0.11 0 06 
0.15-0.20 06.70-0.95 0.040 0.040 0.20-0.35 0.40-0.60 040-060 0.30-0.40 
0.45-0.52 1.00-1.30 0.040 0.040 0.20-0.35 0400.60 040-060 0.30-0.40 _ Note 1: When silicon is specified in standard basic openhearth steels 
15-020 045-065 0.040 0.040 0.20-0.35 1.65-2.00 0.40-0.60 0.20-0.30 only. per cent maxis ium, 0 10 0.20 per 
0.40 0.60-0.80 0.040 0.040 0.20-0.35 1.65-2.00 0.60-0.80 0.30-0.40 ain cossa in orcer to piy wit 
35-0.40 0.60-0.80 0.025 0.025 0.20-0.35 1.65-2.00 0.70-0.90 0.23-0.30 specication including silicon 
38-0. 43 0.60-0.80 0.040 0.040 0.20-0.35 1.65~-2.00 0.70-0.90 0.20-0.30 Note 2: Acid bessemer steel is not furnished with pecified 
40-0.45 0.60-0.80 0.025 0.025 0.20-0.35 1.65-2.00 0.70-0.90 0.23-0.30 content 
06-0.11 0.40 max. 0.040 0.040 0.25 max 1.40-1.75 0.15-0.25 
13-0.18 0.45-0.65 0.040 0.040 0.20-0.35 1.65-2.00 0.20-0.30 Sulphurized or Phosphorized Carbon Steels 
150.20 0.45-0.65 0.025 0.025 0.20-0.35 1.65-2.00 0.20-0.2 
l 22 0.45-0.65 0.040 0.040 0.20-0.35 1.65-2.00 0.20-0.30 Semi- 
17-0.22  0.45-0.60 0.025 0.025 0.20-0.35 1.65-2.00 0.20-0.2 Code finish Bars Rods Mn P (b) 
180.23 0.70-0.90 0.040 0.040 0.20—-0.35 1.65-2.00 0.20-0. 
1.38-0.43 0.60-0.80 0.040 0.040 0.20-0.35 1.65-2.00 0.20-0.30 B 1106 0.09 max 0.50 max 0.11 max 0 040.09 
0.38-0.43 0.60-0.80 0.025 0.025 0.20-0.35 1.65-2.00 0.20-0.27 C 1108 \ 0.08-0.13 050-070 0045max. 0.07-0.12 
043-048 0.60-0.80 0.040 0.040 0.20-0.35 1.65-2.00 0.20-0.30 Cc 1109 Q 08-0.13 0. 60-0.90 0.045 max 0 08 
130.18 040-060 0.040 0.040 0.20-0.35 3.25-3.75 0.20—-0.30 B 1110 \ 0.13 max 0.60 max 0.11 x 0.045-0.075 
180.23 0.50-0.70 0.040 0.040 0.20-0.35 3.25-3.75 0 20-0 30 C 1110 0.08-0.13 0.6 90 0.04 x 01 
13-0.48 0.70-0.90 0.040 0.040 0.20-0.35 0.55-0.75 B 1111 0.08-0.13 0.60--0.90 0.09 01 15 
17-0.22 0.76-0.90 0.040 0.040 0.20-0.35 0.70-0.90 lili 0.08-0.13 0 60-0. ax 6 23 
28 0.700.990 0.040 0.040 0.20-0.35 0.80-1.10 B 1112 0.08 13 0.09 23 
38 43 0.70—-0.90 0.040 0.040 0.20-0.35 0.70-0.90 C 1112 0.10 16 1.0 } 4 1x 4 13 
$5 0.70-0.90 0.040 0.040 0.20—0.35 0.700. 90 B 1113 0.08-0.13 06 0 24 
48-055 0.70-0.90 0.040 0.040 0.20-0.35 0.70-0.90 Cc 1113 0.10 16 1.0 0.04 x 0240.3 
45 .70—).90 0.040 0.040 0.20—-0.35 0.90-1.20 Cc 1115 Q 0.13 4 10-0. 1 
101.00 0.30-0.50t 0.025 0.025 0.20-0.35 0.45-0.65 Cc 0.14-0.20 1.10-140 0.04 ax 0.16-0.23 
0-1.05 0.30-0.50+ 0.025 0.025 0.20-0.35 1.00-1.25 1117 0.1¢-0.21 30 0.08 0.08-0.13 
190-1.05 0.30-0.50t 0.025 0.025 0.20-0.35 1.30-1.65 Cc 1118 0.1¢-0.20 = 1.30-1.6 x 0.08-0.13 
c 1119 0.14-0.20 1.35-1.€ 0.04 x 0.16-0.23 
5-110 0.30-0.50t 0025 0.025 0.20-0.35 1.20-1 50 1120 Q.R 0.18-0.23 0.60 »0 0.045 max 0 08-0.13 
5-11.10 0.30-0.50t 0.025 0.025 0.20-0.35 1.30—1.65 ‘ 
1.15 0.30-0.50t 0.025 0.025 0.20-0.35 1.35-1.65 > 1121 Q 0.18-0.2 0.70-1.00 0.045 ax 0 08-0.13 
22 O.70-0.90 0.040 0.040 0.20-0.35 0.70-0.90 Cc 1122 0.17-0.2 1.35-1.65 0.045 ax 080.13 
43-0.48 0.70-0.90 0.040 0.040 0.20-0.35 0.80-1.10 C 1132 Q 0.27-0.34 1.35-1.65 0.04 
0.48-0.55 0.65—0 90 0.040 0.040 0.20—-0.35 0.80-1.10 1s C 1137 Q 0.32-0.39 1.35-1.6 0 045 ax 8 13 
0470.53 0.70-0909 0025 0.025 0.20-0.35 0.80-1.10 0.15 min.V Cc 11402 Q 0.37-0.44 0. 60-0 90 0.045 max 004-0 07 
148-0.55 0.70-0.90 0.040 0.040 0.20-0.35 0.80-1.10 0.10 min.V ? 
0-0.60 0.70-0.90 0.040 0.040 1.80-2.20 Cc 1141 0.043 max. 0.06-0.13 
».55-0.65 0.70-0.90 0.040 0.040 220 Cc 1144 \ 0.40-0. 48 1 35 1.65 0.045 max 0 24-0.33 
C 11453 Q 0.42-0.49 0.70-1.00 0.045 max 04-0.07 
phosphorus or sulphur content for acid openhearth or 
is 0.05% each; silicon is 0.15% min C 1205 Q 4 40 ( 0.05 max 
s ified to either 0.30 to 0.45% or 0.35 to 0.50% manganese, C 1206 R : 0.06-0. 10 0.¢ x 
full range be allowed wherever possible R + +4 
a Sulphur range: 0.035 to 0.050% 
0.09-0.1 15 
| 0 29 
t rE ized and € t ec heck 
is basic openhearth alloy steel NE is National Emergency pentose — ur (or phosp! 
B is acid bessemer carbon } designation promulgated by the ce 
C is bas of Production Management. bessemet e not furnished with spec 
~ is forging quality, or special require- 
s acid openhearth carbon steel ment quality tStandard steels C 1140 and C 1145 may be ordered wit! con <« 
tent either as 0.10% max., 0.10 to 0.20%, or 0.15 to 0.30% 
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ON THE MARCH to aid users of alloys... 


FIELD offices are maintained by International Nickel’s 
Development and Research Division and by qualified 
distributors. Nickel field representatives are always 


on the go. These men offer practical advice about 


selection, fabrication and uses of metals. Assistance 


is likewise offered on problems arising from the diver- ——__-™. 


sion of Nickel to war industries. 

Also available are many useful publications for the 
information of alloy users to serve as practical guides 
for new employees and for men. performing new 

operations. 
For a check list of available published information 
or a quick personal answer to your specific questions 


about Nickel alloys, please address: 


THE INTERNATIONAL NICKEL COMPANY, INC. new 
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Table Ill — Physical Properties of Carburized Steels 


QUENCHED REHEATED AND QUENCHED 
Conk PROPERTIES QUENCHING Conk PROPERTIES CARBURIZED 
STRENGTH YIELD Izop TEMPERATURI STRENGTH YIELD Izop 
150.000 122.000 45 8 1475 135,000 110,000 45 5 
175.000 148,000 45 10 1475 172,000 140,000 53 8 
135.000 105,000 32 4 1500 130,000 97,500 40 4 
208,000 165,000 45 12 1475 210,000 170,000 42 10 
130,000 95,000 45 2 1525 115,000 90,000 45 3 
' 137.000 105,000 35 5 1575 120,000 102,000 40 ; 
. 180.000 160,000 40 5 1500 185,000 160,000 55 7 
130,000 100,000 45 4 1500 120,000 95,000 48 4 
4 {820 182,000 150,000 42 8 1450 167,000 137,000 57 6 
‘ 4) 128.000 104,000 33 6 1525 119,000 97,000 39 3 
»() 130,000 110,000 55 4 1500 120,000 86,000 23 2 
Some of the currently used standard grades sons were made. Where no data were available 
ore used in the normalized or normalized and several manufacturers generously produced a 
lempered condition with tensile strength values sufficient number of experimental heats to com- 
of 65,000 to 105,000 psi. plete the program. The accumulated data were 
fhe most commonly used standard steels in compared in detail to determine how the char- 
this class and possible alternates therefor are: acteristics of the alternates would compare 
with the characteristics of well-known steels. 
Table IV — Semi-Thorough Hardening Steels In addition to armament purposes the prin- cy 
cipal uses of the 0.30% carbon grades are: i 
STANDARD ALTERNATE STEELS 1300 Series for automotive axle shafts and 
hackle bolt 
DESIGNATION C-Mo MN-Mo Ni-Cr-Mo 
; 2300 Series for aircraft bolts, die-lock chain 
\ 1330 A 403% NE 8233 sade and gun and tank parts. 
2330 A 4037 NE 8233 NE 8630 
A4 4100 Series for aireraft sheets, tubing and 
\ 3130 A 4037 NE 8233 NE 8630 ' ; hei hott 
4 4130 A 4037 NE 8233 NE 8630 vars for welding and heat treatment, or both; ; 
\ 5130 A 4037 NE 8233 ot a for bolts and searifier teeth. 
SAE 6130 A 4037 NE 8233 NE 8630 5100 Series for automotive side gears. 
6100 Series tor aireraft propeller blades 
Results of standard end-quench harden- Thorough-Hardening Grades 
ability tests for each of the standard steels in 
lable IV are shown in the diagrams accom- The thorough-hardening alloy steels most 
panving this article. The diagrams are repro- commonly used may be divided into five distinct 
duced from the American Iron & Steel Institute's classes as follows: 8 


pamphlet, and each gives hardenability 


curves for steels closely approximating — 
STANDARD END-QUENCH HARDENABILITY TESTS 
composition of the alternates. | A4130 
hecause an excessive amount of time Actual Composition 
would have been consumed in making 
standard physical property tests of all Brod Ind 197 ing] 
ihe allernate compositions set forth, the $0) T T | | 
f the opinion that f | 
e was of the opinion that for 
standard end-quench hardenability data = zi 
Would suffice as a useful guide to their - \ 
Nas 
a] von, Mn 
available end-quench harden- 3 
data were accumulated from 20; 
rs of the committee and compari- = Range of Proposed Alternates 
Designation L | | | __Meo 
55740 |.957100| 80735 | - | - 
> os” “A4042 | 40745 20/735 -  - $e ber. 
age ~ 8235 1.30736 130/60 to/35 - - 10/20] | | 
27733 .70795 40/60 40/60 15/25 | 
Distance fron End in inches 


| 
| 

{ 


Rockwell C Scale 


20; 


1. Those used in the full-hardened state, 
tempered to about 400° F. with resultant Brinell 
hardness of 550 to 600, with tensile strengths of 
about 275,000 to 300,000 psi. 

2. Those treated to Brinell 350 to 450 with 
tensile strengths of about 175,000 to 225,000 psi. 

3. Those treated to Brinell 260 to 350 with 
tensile strengths of about 125,000 to 170,000 psi. 

4. A specialty class of alloy steels containing 
approximately 0.60% carbon, used for a variety 
of purposes such as piston rods, rams, sow blocks, 
trimmer dies, shear blades, and hot-work dies. 
The steels of this group which are most commonly 
used are chromium-nickel steels, chromium-nickel- 
molybdenum-copper steels and chromium-nickel- 
molybdenum-vanadium steels. It will be most 
difficult to duplicate the properties of such steels 
with other chemistry combinations without con- 
siderable experimental work, except in the cases 
where some experience has been gained, as for 
example, manganese-molybdenum steels for shear 
blades. Wherever the hardenability characteristics 
compare favorably, these alternate steels have 
possibilities for satisfactory use. 

5. The high carbon alloy types such as the 
92000 series bearing steels which have unusually 
high resistance to wear. Such steels are used at 
the maximum hardness obtainable for the section 
involved. 

A list of the most commonly used standard 
thorough-hardening steels and possible alter- 
nates therefor is shown in Table V. 

{Hardening characteristics of representa- 
tive standard steels — 2340, 3140, 3240, 4140, 
5140 and 6140 as well as the alternate steels 
4050 and 4065—as measured by hardness 
traverses, edge to center, of oil or water 
quenched bars, 1 to 5 in. diameter, were pre- 
sented in a data sheet in MeraL ProGress, Octo- 
ber 1941 Reference Issue, page 522. Similar 
curves for the other alternate steels in the NE 


STANDARD ENo-Quencn HARDENABILITY Tests 


8000 series will be presented as soon as |yey »,, 
available. | 
In addition to armament purposes | je pri 


Table V — Thorough-Hardening Stee «< 


STANDARD ALTERNATE STEELS 
SERIES - 
DESIGNATION C-Mo Mn-Mo N1-Cr-Mo 
A 1340 A 4047 NE 8245 
A 2335 A 4063 NE 8339 NE 8739 
A 2340 A 4068 NE 8442 NE 8744 
A 2345 A 4068 NE 8447 NE 8749 
WD 2350 A 4068 NE 8547 NE 8949 
A 3045 A 4068 NE 8442 NE 8744 
A 3135 A 4063 NE 8339 NE 8739 
A 3140 A4068 | NE 8442 NE 8744 
A 3141 A 4068 NE 8447 NE 8749 
A 3145 A 4068 NE 8447 NE 8749 
A 3150 A 4068 NE 8547 NE 8949 
A 3240 A 4068 NE 8442 NE 8744 
WD 3250 A 4068 NE 8547 NE 8949 
A 4137 A 4063 NE 8339 NE 8739 
A 4142 A 4063 NE 8442 NE 8744 
A 4145 A 4068 NE 8447 NE 8749 
A 4150 A 4068* NE 8547 NE 8949 
A 4340 A 4068* NE 8547 NE 8949 
A 4640 A 4063 NE 8339 NE 8739 
A 4645 A 4068 NE 8447 NE 8744 
4650 A 4068 NE 8547 NE 8949 
A 5045 A 4063 NE 8339 
A 5140 A 4063 NE 8339 
A 5145 A 4068 NE 8442 
A 5150 A 4068 NE 8447 hie 
WD 6140 A 4063 NE 8339 NE 8739 
A 6145 A 4068 NE 8442 NE 8744 
A 6150 A 4068 NE 8447 NE 8749 
A 9260 A 4068** 


*Recommended especially for small tools. 
**xRecommended if silicon becomes critical. 


cipal uses of the thorough-hardening grades 
are as follows: 

1300 Series for automotive transmission gears 
spline shafts, knuckles, arms and shackle bolts 

2300 Series for aircraft engine parts 
such as connecting rods, connecting rod 
bolts, crankcase bolts, studs, keys, propelle! 
shafts, generator shafts, pump shalts, 


Actual Composition. 


Distance from End in Inches 


‘ker arms and gears. They are also used 
standard rocker arms and g | 
asigo ¢ Mo ma tin Mo | in the machine tool industry for gea 
Monutecture frog trod 150 ine lets, cams, shafting, feed fingers, too! 
fine ome ers, and for pneumatic tool barrels ane 
t= BY pistons. In the textile and printing indus 
22 8 tries steels of this series are used 10! 
aT rollers, and for rotors and shafts in prime 
| movers. In oil refinery equipment for lov 
temperature pressure vessels, for pipe 
valves and fittings, and in marine eines 
Range of Propored Alternates also find use in eye bars, booms, tie | 
Designation c Mn Se Mo i ind 
A4037 | 35/40 75/100 20/35 20/30 and trusses in constructional wo! 
A4042 40/45 75/100 20/35 20/30 
6235 30/36 130/160 20/35 10/20 
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valves. 
Series for auto- 


eering arms, 


and propeller shafts, dredge 
bucket teeth, and high tem- 
perature bolts for oil refineries. 


tuckle supports $600 Series for forgings 

smission gears. a for aircraft engines, tractor 

Series for air- : ba gears, automotive transmis- 

ne parts such as hei, sion gears, splines, and small 
studs, con- od hand tools. 


ts, 
dds and crank- 
in the automotive 
in y they are used for 
te irms and knuck- 


5000 Series for clutch 
shafts and transmission main 
shafts. 

5100 Series for automo- 


les ckle pins, erank- tive leaf and coil springs, 
sh differential drive pinions, pinion shafts and steering worms, transmission gears and transmis- 
ring and side gears; propeller shafts, rear axles, sion spline shafts. They are also used for digger 
transmission gears and transmission spline shafts. bucket teeth, scarifier teeth, machine tool gears, 
rhey are used also for cantilever pins in bridges crusher jaws and hand hammers. 

ind wineh shafts; for die blocks, die casting dies. 52000 Series —- The principal use of this steel 


In the machine tool industry they are used for 
shafting, precision lead screws and spindles; in 
marine engines for crankshafts and engine bolts; 
in the oil industry for bolts, couplings, side bars in 
draw works chains, draw works shafting, drill col- 
lars, jars, kelly bars, reamer bodies, rotary table 
shafts, slush pump rods and tool joints. 

3300 Series for heavy duty shafting, tank 
transmission gears and gun bolts. 

}000 Series for automotive bolts, pinion shafts, 
front and rear axles, leaf and coil springs, sway 
bars, cylinder head studs and steering arms and 


knuckles. They are used for such hand tools as 


is for anti-friction (ball and roller) bearings. 
6100 Series for aircraft engine parts such as 
propeller hubs and blades, coil springs, piston pins, 
knuckle pins, connecting rods and crankshafts. 
They are used in the automotive industry for dif- 
ferential pinion and side gears and leaf and coil 
springs. Hand chisels, hammers, pliers, screw 
drivers and wrenches are made from this series as 
well as marine engine crankshafts, mill shafting, 
well driller screens, small crankshafts for 
pneumatic machines, pneumatic bits, valves and 
valve seats. Other general uses are for locomotive 
springs, oil refinery equipment such as bolts for 


: chisels, hammers, and screw drivers and for chain high temperature service, pistons and plungers 
‘ pins, pneumatic tool bits, scraper blades and draw and parts for pressure vessels; also for valve 
7 works chain pins. springs, searifier teeth, winch shafts, hot-work die 
1100 Series for aircraft engine parts such as blocks, hydraulic pistons and shafts; in the 
propeller blades, bolts, nuts, studs, connecting rods, machine tool industry for gears, chuck jaws, pre- 
crankshafts, cylinder liners, and aircraft structural cision lead screws, spindles and tool holders, 
shapes and tubing. In the automotive industry 9200 Series for automotive, tractor and rail- 
for steering arms and knuckles, connecting rods, road leaf and coil springs. They are also used for 
crankshafts, transmission spline shafts, rear axles tools such as malls, sledges, chipping chisels, cut- 
and trailer axles. They are also used for structural ter wheels and coal mine cutters. S 
eve bars, cantilever and chain pins, sprock- 
ets, and winch shafts. In hydraulic machin- 
ery for impellers, rams and shafts and in STANDARD Eno-Quapecn HARDENABILITY Tests | 
machine tools for precision lead screws. 
Actual Comporsition 
spindles and tool holders; in marine 60° ftandara Alternotes 
engines for crankshafts and engine bolts; |Derignation SAE6I30 Cr Mo Mn Mo | Mn Mo |, 
Manufacturé EF Pred 3o®ing Prod | 1$*ind | is@ind 
lor connecting rods, shafts and spindles in Q Temp. | ISSO*F Niedo* IS7S*F | 
50; Grain Size Fine 5-6 Fine Fine Fine | 
mill equipment. In the oil industry these Comporition 
steels are used for bolts, couplings, draw » | Mn |_ 69 76 60 55 [26 
works side bars and shafting, drill collars, 9 40) . | er 98 47 
jars, kelly bars, reamer bodies, pony rods, lo | 2 zi 26 
pull rods, rotary table shafting, slush pump = — 
v t 
roe nd tool joints. 
| 
crankshafts, propeller shafts and 20! 
’ ling rods and for automotive crank- Range of Proposed Alternotes | — 
s} Designation c Mn $i cr Ni Mo 
ind rear axles; also for blanking, | 35740) 75/\00 20/35. - 20/30 | | 
iding, acting " A4042 40/45 75/100 .20/35 20/50 | 
g, and die casting dies, crank | | “Seas | | 
8630 27/33 | 70/95 | 20/35 40760 40760 15/25 | 
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War Products Consultatio, 


Pickling of 3.59] Nickel Steel and 1.3% Chromium Steel 


The Problem 


Encountered by a Shop 
Newly Contracting for the Navy 


Kk HAVE a problem of removing the seale 

from steel rods and forgings fairly high in 
alloy for Navy parts, especially steels 2330 and 
92100, hot rolled and annealed. There are a 
number of these parts which have caused con- 
siderable difficulty in the cleaning house. If any 
ASMembers have successfully licked this prob- 
lem, we would like to learn of the acidities, 


temperatures, and acids used. 


Suggested Solutions for Chromium Steel 


By a Ball Bearing Manufacturer: No serious 
problem on 52100 wire or forgings when using 
at 110° “We also use ‘Hibitrite’ 
as an inhibitor in this solution. It usually takes 
about 60 to 90 min. to pickle a 1000-Ib. basket 
of forgings satisfactorily for machining. Wire 
pickles in a considerably shorter period of time, 
as we pul it through a scale breaker prior to 
pickling. If the forgings lend themselves to 
blasting, then a ‘rotoblast’ or ‘tumblast’ using 
fairly coarse grit is quite satisfactory.” 

By a Roller Bearing Manufacturer: “If at 
all possible, the scale should be broken, previ- 
ously, by dipping in saturated salt solution. 
Tumbling tubs are definitely better than still 
solutions. We would suggest the use of ‘Shell’ 
acid if it is available, using about 10 to 12° 
acid at a temperature of 145 to 155° F. for the 
bath. The iron content should be under 5.” 

Another Ball Bearing Manufacturer regu- 
larly etches 52100 steel to reveal surface defects, 
a much more severe process than ordinary pick- 
ling or sandblasting. “Our standard practice is 
to immerse the bars in hot acid solution con- 
taining 50%. muriatic acid and about a table- 
spoonful of ‘rodine’ (product of the American 
Chemical Paint Ambler, Pa.). This pre- 
vents excessive pitting. Work that is slightly 


scaled requires 10 min.; badly scaled steel 
require 40 min. The operator must wateh ¢ 
metal carefully to be sure it is not etched | 
deeply or pitted. Steel mills prefer a 25° 
solution for this etching operation. A few ys 
10°. HCl, and the balance way 
Both of these mixtures act more slowly and « 
easier to control. After etching, most mills di 
in water and then in a lime solution to preve 
rusting. Parts in contact must be moved, cls 
scaled areas will remain.” 


Suggested Solutions for Nickel Stee! 


By an Alloy Steel Manufacturer: No serious 
problem on rods, bars or forgings. “Wher 
heavy scale is encountered such as on mate: 
furnace cooled from the mill, a 34o°e (by vo 
ume) H.SO, bath at 175° F. is used; the tin 
depends on the grade and amount of scal 
Bars off the finishing mills with light scale ar 
given a faster pickle in approximately 5° H.SO 
at 175° F. Heat treated bars are currently 
pickled in a 6 to 8‘. H.SO, bath at 160 to 1801 
When scale is thick and resistant to pickling 
there is danger of over-pickling the bar ends, so 
it is better to use a weaker solution and a longe! 
time. Forgings to be subsequently machined 
do not present as difficult a problem as do bars 
on which tolerances and final finish must be 
considered.” 

By a Gear Maker: Normalized forgings with 
rather heavy scale are pickled in 12% [EL50, 
by volume at 160° F. Time: 30 min, to ft he 
with agitation is sufficient. Acid as purchased 
is 68° Be, and 1000 gal. of solution is mace Up, 
to which 0.3°¢ by weight of E. F. Houghton’ 
inhibitor known as “acitrol” is added. 

By a Manufacturer of Cold Drawn ars: 
“It is not diflicult to pickle 2330 in the hot rolled 
condition in a straight H.SO, bath, appros’ 
mately 8‘¢ by weight acid, at 180° F. However. 
annealing to soften is quite a long oper 00. 
lled 


ich 


and the annealing scale on top of the hot 
scale does present considerable difficulty 
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minated by protecting the material 
ealing or by various mechanical aids 
the scale. 

otection during annealing: (a) Pickle 


ied steel, then anneal in ‘Charmo Gas’ 


atmosphere. (b) Cover the steel with 
and heat under hoods similar to those 
sheet annealing; this results in a scale 
t] isily removed. 
Mechanical methods: (a) On coil stock 


Critique by F. L. LaQue 
elopment and Research Division 


International Nicke Co 


i he MOST important observation is that pick- 
ling of nickel steels apparently has not been 
ecounized as a serious problem. I have learned 
rom the Electro Metallurgical Co. that this is 
ruc also of the low chromium steels. At any 
rate, we have had no occasion to direct special 
tention to the pickling of nickel steels in our 
research laboratory, and it has not received 
much attention in the technical literature. The 
isual procedures for the pickling of carbon steel 

have been adequate. 
C,H. and D. L. Warrick in 
lransactions of the A.S.M., 1936, page 133, found 


we pass the rods through a set of staggered 
rolls; this mechanically knocks off most of the 
scale, and the rest is comparatively easily 
pickled. (b) The descaling blowpipe put out by 
The Linde Air Products Co, has possibilities. 
(c) Pass the material through shot blasters; 
although slow, this does a good job on bad scale. 

“The ideal condition would be to pickle the 
hot rolled bar and anneal under’ protected 
atmosphere.” 


that the electrolytic potential between bare stec! 
and seale, which was a controlling factor in 
pickle pitting, was determined largely by the 
temperature at which the scale formed; the 
dividing line for unfavorable potentials tended 
to coincide with the transformation temperature. 

In the many cases where the temperature 
of sealing cannot be limited to suit subsequent 
pickling, the problem may be ameliorated by 
removing as much scale as possible by mechan- 
ical means prior to pickling, and by using one 
of the common inhibitors in the pickle bath. 
The bath itself could be about 8&8 to 10% by 
weight H.SO, operated at about 150° PF. and 
agitated. (Imhoff has suggested that it be kept 
under 140° FF.) If practical, the pickle should 
be a fresh one. For forgings, an acid concen- 
tration of 8 to 15% and temperature of about 
pe 
ommended, Interrup- 


have been rec- 


tion of the pickling 
operation so as to per- 
mit intermediate 
mechanical removal of 
loosened scale is often 
helpful. 

There have been 
occasional suggestions 
as to the desirability of 
including HCI in pickles 
for alloy steels. We 
know that a 10 to 15‘. 
by weight solution of 
HCl at about 140° F. is 
effective, especially 
when loosened scale is 
brushed off. As an alter- 
nate, a small percentage, 
say 2°., might be added 
to the sulphuric acid 
pickle mentioned 
previously. 
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Increasing Productio,y 


By D. K. Crampton 
Director of Research 

Chase Brass & Copper Co. 
Waterbury, Conn. 


HE GENERAL ADVANTAGES of a simpli- 

fication plan for any product are perhaps 

now so well recognized as to need no 
further discussion here. [This verbatim tran- 
script of remarks made before the National 
Defense Meeting on conservation of copper and 
its alloys at the @ Annual Convention in Phila- 
delphia, is still very much to the point.| The 
specific advantages resulting from a reduction 
of the number of alloys actively made in a given 
mill may not be so obvious. However they are 
very important and will be discussed briefly. 
While particular reference will be made to the 
situation existing in mills producing wrought 
copper alloys, it is probable that the same gen- 
eral situation holds with respect to other metals. 

Prior to the present emergency, the copper 
and brass producers listed an extremely large 
number of alloys. Many of these were in reality 
but slight modifications of certain general types, 
but made at one time or another. The lists of 
mixtures number in the hundreds. This situa- 
tion resulted partly from the insistence of vari- 
ous consumers and specification-making bodies, 
and partly through zealous but not always far- 
sighted promotional work by the producers 
themselves. 

It is noted that there have been as many as 
ten different variations of nominally “lead-free 
high brass” in sheet and strip form, whereas all 
real needs as indicated by properties of the 
materials or normal use could be met by not 
more than three. At one time it was noted that 
seven distinct variations of “naval brass” were 


by Elimination of 


Unnecessary Alloy; 


being produced, whereas every known applica 
tion of such material could be adequately served 
by two or possibly three modifications. 

In times of normal business, there migh| 
be sufficient justification for such a situation 
While producers would realize that the many 
alloys and variations make for increase of pro- 
duction cost and decrease of production rat 
the desire to satisfy both real and fancied needs 
is defensible. During the present emergency. 
however, such considerations are certainly of 
very minor importance and emphasis should bx 
placed on the greatest possible production o/ 
the least number of alloys to adequately serv: 
essential purposes. 

Since the start of the emergency, Chas 
Brass & Copper Co. has on two occasions, 
with the cooperation of consumers, markedly 
reduced the number of active mixtures so tha! 
the list has now been reduced to 45 alloys. |! 
is possible that some further reduction might 
be made, but this would be slight compared to 
that already effected. It is known that other 
producers have taken similar steps and the 
benefits are now probably spread over th 
industry as a whole. 

The advantages of such a simplification 
program are felt both in the casting shop and 
in the mill. 

In the casting shop time is lost in s!) ‘ting 
from one alloy to another on a given fu ‘ace 
Possibly it is not generally realized by ¢\ ‘om 
ers that induction furnaces are used thro: ou! 
the industry, in which at all times it is °ce> 
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intain a considerable amount of 
al; it is impossible to start these fur- 
iting otherwise. While minor changes 
vy be made in a few instances by cor- 
the composition of the molten metal 
from one pouring to the next, any 
able change is impossible without 
ec furnace clean and re-priming with 
etal of the desired new composition, 
is to be taken from another furnace 


re 


he! 


pv i 


mol 


whi 

yperating on that mixture or else pre- 
pared specially in a small auxiliary melter. In 
any at, the time required to change is con- 
siderable and represents a production loss. 


\ point of even greater importance in this 
eonnection is that on a large number of such 
changes there is contamination of the new alloy 
from the furnace lining which can only be pre- 
vented by one or more wash-out heats, each of 
which represents a total loss of production and 
presents a further problem in getting rid of the 
mongrel alloy thus produced. Sometimes as 
many as four or five such wash-out heats are 
necessary to clean the furnace lining effectively 
so as to prevent subsequent contamination. 

A second advantage of long runs on single 
compositions resides in the improvement in 
quality of ingots and castings due to the work- 
men’s greater familiarity with fewer alloys. It 
must be realized that each alloy requires cer- 
tain special conditions of melting and pouring 
for optimum quality. Especially with much 
relatively green labor, the problem of insuring 
such best conditions is considerable. Lack of 
attention to detail results in rejection of many 
heats for poor quality or for improper analysis, 
either of which means a loss of production. 

This program of simplifying the list of cur- 
rent alloys also simplifies the problem of scrap 
returns from mill operations. Even under the 
best conditions, the segregation and intelligent 
use of scrap in the charge room to maintain 
established composition limits is a major prob- 
lem, but the more alloys involved and the more 
which must meet rigid specification limits, the 
greater the problem becomes. The number of 
heats of incorrect composition (each represent- 
ing a total loss of production) is an increasing 
function of the number of different alloys made 
ata viven time. 

\dvantages of a simplified list of alloys 
extend beyond the casting shop. In the mill 


many ‘actors contribute to an increase of pro- 
duct with decrease of number of active 
allovs Consider, for instance, the loss of time 


in changing over production or annealing 
equipment from one alloy to another. In many 
operations (such as extrusion or hot rolling) 
marked differences in correct temperatures of 
working, from one alloy to another, necessitate 
changes in the billet or cake heating furnaces. 
Also many changes in the production machine 
set-up and operation incident to a change from 
one alloy to another are quite time-consuming. 
All such time used for these changes represents 
a total loss of production, and in many instances 
it is quite serious. 

The same problem is met in annealing. In 
present-day practice much more accurate con- 
trol of annealing is necessary than previously. 
Likewise there is a considerable use of auto- 
matic conveyor furnaces. Such equipment is of 
course ideal for long runs under constant con- 
ditions, but is not too well adapted to frequent 
change. Where either the temperature or time 
cycle has to be changed, it is usually neces- 
sary for the annealing furnace to run idle long 
enough for one lot of material to get out before 
the new lot starts through. Such idle time 
means a complete loss of production. In addi- 
tion in the desire of the workmen to reduce 
this idle period as much as possible, the time 
allowed is sometimes inadequate to bring the 
furnace into its new operating conditions, and 
this results in improper treatment of some 
material, which in turn results in its rejection. 
More loss of production! 

Some alloys are much more diflicult to pro- 
duce, cause more wear and upkeep on machines 
and tools, require more operations, or need 
more supervision than do others. For these 
reasons the production per man-hour and per 
machine-hour varies markedly from one alloy 
to another, and if the more difficult alloys can 
be eliminated, the effect is a decided increase 
in production rate. 

The points discussed above should merely 
be considered as illustrative. Many other items 
might be mentioned in connection with the effect 
of the number of active alloys on production 
rate. The importance of the whole program 
cannot be too greatly emphasized, and the con- 
tinued and increased cooperation of consumers 
and specification-making bodies is earnestly 
sought in making such projects a very real con- 
tribution to the national program. For instance, 
the paper industry has cut the &2 standard 
grades to 52, the 10,178 stock items to 2,549. 
Estimated saving will be 175,000 tons of pulp 
(approximately of 1911 consumption). @ 
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By P. H. Brace 


Westinghouse Research Laboratories 


East Pittsburgh, Pa. 


VERAL years ago the search for an alloy 

that could be used in place of platinum for 

oxide-coated filaments in vacuum tubes 
resulted in a nickel-cobalt-titanium-iron alloy 
that possessed the necessary electrical and ther- 
mionic properties and sirength when hot. This 
alloy was named “Konal”. The favorable 
mechanical behavior of Konal at high tempera- 
tures in a vacuum soon attracted attention. 
Tensile tests showed an ultimate strength of 
60,000 psi. or somewhat more at 600° C. (1100° 
F.). This stimulated efforts to find other alloys 
of the same basic ingredients having equal or 
better mechanical properties than Konal and, 
in addition, enough resistance to oxidation 
and corrosion to make them useful for high- 
temperature service under industrial conditions. 

Some 200 alloys based on nickel, cobalt, 
titanium, and iron were prepared to study the 
effects of various auxiliary clements like chro- 
mium, aluminum, tungsten, molybdenum, man- 
ganese, and silicon. Several interesting alloys 
came to light and of these, one, designated as 
“K-12-B", was selected for more detailed study. 
Its strength at 600° C. was approximately twice 
that of Konal, and it had high resistance to oxi- 
dation at high temperatures as well as satisfac- 
tory balance among other properties such as 
ductility, workability, corrosion resistance and 
response to heat treatment. 

Chemical analysis of a particular specimen, 
together with the range of the elements in alloys 
that come under the designation K-42-B are: 


oO New A loy 


for Working at 


High Temperature 


SPECIMEN {ANGE 
ELEMENT V-175 Compositrio’ 
Nickel 16.1 % 10 to 50 
Cobalt 24.86% 20 to 30 
Titanium 2.19% lto4 
Iron 7.02% 5to 15 
Chromium 18.74; 15 to 30 


There may also be present minor proportion 
of aluminum, carbon, manganese, and silico: 


Tensile Properties are listed below. Tes 
were made after a conditioning treatment 
which consisted of heating for approximate) 
2 hr. at 950° C. (1742° F.), quenching in wate: 
and temper hardening by reheating to 650° ( 
(1202° F.) for 72 hr. 

Ar 
Ar 70° F, (1110°) 


70,000 psi. 


PROPERTY 
Proportional limit 07,000 psi 
Yield strength 

0.20% plastic 
deformation 
0.5°° plastic 


104,000 psi. 86,000 ps 


deformation 103,500 psi. 85,100 psi. 
Tensile strength 164,750 psi. 127,100 psi 
Elastic modulus 29,000,000 psi. 25,000,000 pst" 
Elongation in 2 in. 29.0% 21.5 
Reduction of area 37.0% 21.7 


* Approximate. 


These data were obtained on = specimens 
0.505-in. diameter, during slow tensile tes!s 1 
which the time to fracture was held closely @! 
30 min. Autographic stress-strain curves Pro- 
vided data for calculation of the yield. 


Is 


Creep Tests — This favorable show! 


well supported by the outcome of creep ‘tes 
extending beyond 10,000 hr. at 1000° F. (6! ©) 
under stresses of 20,000, 10,000, and 50.00 p>! 


Results of two tests are shown by Fig. 1. 
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(4) psi. creep proceeded Fig. 1- 

ishing rate until at 500 K-42-B. 
cumulated elongation 

) d to 0.0007 in. per in. 
D e next 5000 hr. creep con- 
a slow but essentially 

rate, the total for the 

vl period being 0.0002 in. per 
mean hourly rate during 


the r 000 hr. of only 1 part in 
1) on. Total elongation due 


to » in the 5500-hr. period 
ym ted to less than 10% 
f the elastic deforma- 


tion due to the test 
load, assuming the elastic 
modulus to be 25,000,000 psi. 
at 1000° F, 

The upper curve in Fig. 1 shows 
that with stress at 40,000 psi. creep 
amounted to 0.00031 in. per in. at 500 hr. and 
had increased to 0.00081 at 5500 hr. The mean 
hourly rate between 500 and 5000 hr. was thus 

approximately 1 part in 8 million. 

Shortly after the close of the 5500-hr. period 
the stresses on both specimens were reduced to 
1120 psi. As is usual, this caused a slow recov- 
ery, proceeding at a diminishing rate for some 
j00 hr. after the reduction of stress, by which 
lime creep recovery amounted to 0.00005. in. 
per in. for the specimen previously loaded to 
4,000 psi., and 0.00015 in. per in. for the other. 
Observations were continued for some 3000 hr. 
under the reduced load but there were no indi- 
cations of any continuing dimensional change 
due to constitutional or structural changes. This 
‘ndcated that the remarkable creep perform- 
ance was not due to some fortuitous combina- 
lo circumstances whereby contraction due 
‘titutional changes partially counteracted 
tion due to creep. The conclusion was 
e were observing essentially pure creep 


plastic deformation with time 
‘creep only), and exclude 
elastic extension. Elastic 
extension must be 

added to get the 


Log of Creep Test at 1000° F. on 
Vertical ordinates represent 


total deformation 

at any point as fol- 

lows: Add 0.000042 in. per 

in. for 1120 psi.; 0.000752 in. 

per in. for 20,000 psi.; 0.001504 

in. per in. for 40,000 psi.; 0.00188 for 
50,000 psi. 


and that the data reflected the 
unusual capability of alloy K-42-B. 
At the end of the interval of reduced 
loading, both specimens were stressed to 
50,000 psi. Slight plastic extention ensued at a 
rapidly diminishing rate. After 1000 hr. under 
the new load and at 1000° F. the creep account, 
expressed in inches per inch, stood as follows: 


SPECIMEN SPECIMEN B 


Initial stress 20,000 psi. 10,000 psi. 
Creep due to initial stress 

during 5300 hr. 0.00019 0.00081 
Recovery during 3500 hr. 0.00008 0.00024 
Creep due to 50,000 psi., 

first 500 hr. 0.00062 0.00053 
Creep due to 50,000 psi. 

from end of first 500 

hr. to 3500 hr. 0.00077 0.00053 

0.00150 0.00163 


Net total for the test: 


Performance of the two specimens in the 
latter period of testing, when stressed at 50,000 
psi., was markedly affected by the previous his- 
tory. Specimen B, initially loaded at 410,000 psi. 
showed so much less creep at 50,000 psi. than 
specimen A (initially loaded at 20,000 psi.) that 
after 3500 hr. at 50,000 psi. the net totals of 
creep for the two specimens were not far dif- 
ferent. The greater creep in Specimen B due 
to higher initial stress seemingly had caused 
significant strain hardening and consequently 
lower creep rates when the final high stress was 
applied. This suggests that by means of cold 
working it may be practicable to improve creep 
resistance of K-42-B over and above that indi- 
cated by the foregoing data. 

In any event, hourly creep rates of the 
order shown (2.8 and 1.7 parts in 10 million 
for specimens A and B respectively at 1000" F. 
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Analysis ATV kK-492-B 
Ni 570 4E0 
30 Lo - 250 
Cr 117 180 
\ ke Z0 
- 
Mn 
2 8 - 
at 20,000 Psi; For Jolal 
Deformation Ada QO009? per in 
15 
10 K-42-B at 40,000 Pais Bat 
5 for Total Deformation 
Add Q00%504 In perin.) | 2000752 In pert.) 
y 
O 
QO 500 1500 2000 


Time, Hours 
Fig. 2—-Comparative Creep Tests For 1750 
Hr. at 1000° F,. A.T.V. steel is used for high 
temperature turbine blades. K-42-B at double 
the load has many times the creep resistance 


and 50,000 psi.) are quite noteworthy. Compare 
them with the rate of 300 parts per 10 million 
per hr. for 27 Cr, 22 Ni alloy at 1000° F, and 
50,000 psi., the best of the alloys quoted on page 
563 of “The Book of Stainless Steels”. 

Particular attention should be given to a 
comparison between the elastic deformation 
which occurred as soon as the specimens were 
stressed and the total creep which took place 
during the first 5000 hr. of the test. Even at the 
high stress of 40,000 psi. the elongation due to 
creep (0.078) is scarcely more than half that 
due to elastic stretch, while at 20,000 psi. the 
creep effect (0.018%) is almost negligible. 

When evaluating a material it is helpful to 
observe its performance under similar test 
conditions in comparison with that of other 
materials intended for the same sort of use. 
Therefore, comparative creep data at 1000° F. 
for K-42-B and a high nickel-chromium steel 
are shown by Fig. 2. The steel has found con- 
siderable use at high temperatures in the form 
of turbine blading, machine parts, and various 
structural elements, and may be regarded as a 
commercially accepted high temperature alloy. 
It will be seen that even at 40,000 psi. K-42-B 
shows total plastic elongation and creep rates 
that are negligible in comparison with those of 
the nickel-chromium steel at the same tempera- 
ture and half the stress. 

Figure 3 shows that K-42-B retains its 
strength and elasticity at unusually high tem- 
peratures. Two bells, one of K-42-B and the 
other of steel, were heated in a furnace to a full 
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red heat (1475° F.), withdrawn and imp djs), 
struck with a hammer. The K-42-B }. |} ps, 
with a sustained, clear note, while the s\ ¢] » 
only a dull thud. 

Creep data at higher temperat res 
Austin and Nicko in Journal of the lyon 
Steel Institute, 1938-I, are presented in Fig | 
Here the performance of K-42-B at so ; 
(1472” F.) is compared with that of two aij 
in commercial use. These results lead to 4) 
conclusion that the relatively good performan 
of K-12-B extends to temperatures as high 
1000" C. (1800° F.). 

Another interesting comparison is shown | 
Fig. 5. Cantilever specimens of K-42-B and ¢) 
related alloys Konal and K-52, along with 184 
stainless steel and 20° chromium-iron allo, 
were held at temperatures in the neighborhood 
of 2350° F. (1250° C.) for 30 hr. The superior 
of the new alloys is evidenced by the fact th 
they are showing no visible sagging. The on! 
forces acting were those due to the weight of th 
specimens. 

Oxidation Resistance 
high strength at high temperatures is to be o! 
more than limited interest in the industrial field 


If an alloy having 


it must also possess adequate resistance 

oxidation, so the table opposite shows th 
results of comparative oxidation tests on K-12-. 
commercial nickel, 18-8 stainless steel and 80-2) 
nickel-chromium alloys. The latter two ar 


Fig. 3—- A Red-Hot Bell Cast of K-42-B ‘ 


Sustained Full Note; a Steel Bell a Dull ! 
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, and much used because of their 
to oxidation at high temperatures. 
, vears in air at 1112° F. (600° C.), a 
eat. K-42-B showed no more than a 
arnish and no scale formation. These 
ow K-42-B to be comparable to 80-20 
romium, which is among the best of 
k llovs so far as resistance to oxidation 
rned. 
rosion Resistance — K-42-B appears to 
by une to atmospheric corrosion under 
laboratory conditions. On exposure for 
wonths to dripping warm Pittsburgh tap 
a machined but not polished surface 
showed visible attack. In another test a 0.005-in. 
» of cold rolled and age hardened material 
was subjected for six weeks to intermittent 


st! 


immersion in synthetic sea water on a 30-min. 
evele. while in contact with rubber bands and 
tinned iron paper clips. 


Very slight corrosion 


Creep Rote, 
% Per 1000 Hr 


Jotal Extension, Y 


+ 


700 Ps! 
2000 Psi 4000 Psi_& 
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Jitme, Hours 


(1472° F.) on 


Fig. 4 
Two Commercial “Stainless” Steels and K-42-B 


Creep Tests at 800° C., 


Oxidation Tests in Air at 800° C. (1472° F.) 


appeared at those points 


where it was directly in ALLoy 


contact with the foreign GAIN 


materials; on the whole 80-20 Ni-Cr 0.017 


the attack was surpris- K-42-B 0.016 
ingly small and did not — 0.054 


even approach perfora- 


100 Hours 


Loss Oxipe* Garin’ Loss Oxipe* Garin’ Loss Oxipe* 


0.085 0.215 c. Ss. 0.342 c. S. 


200 Hours 400 Hours 


c.a. | 0.022 c.a. | 0.025 C. a. 
c.a. | 0.021 c.a. 0.025 Cc. a. 
c.a. | 0.120 c.a. | 0.171 Cc. a. 


tion of the 0.005-in. *c. a.- 
specimen. 

Such qualitative observations as have been 
made in the laboratory indicate an order of cor- 


rosion resistance possibly superior to that of the 
better classes of 18-8 alloy. 

Accelerated corrosion tests were performed 
by C. R. Austin and published in Technical 
Paper 29 of Pennsylvania State College, Min- 
eral Industries Experiment Station. He used an 


completely adherent; c. s. 


completely sealed. 


intermittent immersion method similar to that 
described by Rawpon and Krynirzky in Pro- 
ceedings A.S.T.M., 1924-II, with modifications 
which gave good temperature control. Normal 
HCl (36.5 g. per liter) and HNO, (65 g. per liter) 
were used with an immersion cycle of 1 min. in 
the acid and 1 min. suspended in air. 

The specimens were in the form of 2-in. 
lengths of round, hot 
rolled bar stock, sand 
blasted to give uniform- 
ity of initial surface 
conditions. The speci- 
mens were supported by 
glass hooks and given a 
preliminary test for 24 
hr. Samples were then 
removed, washed, dried 
and weighed. Succeed- 


Fig. 5 Three Alloys of the 
K-42-B Family Are Straight 
After 30 Hr. at 2350° F., 
Whereas 18-8 and 20% Cr- 
Fe Sag Under Own Weight 
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ing runs of 1, 2, 4, and & days were made with 
weighings in between. 

The results are set forth in the table below, 
and suggest that K-42-B may be considered 
eligible for inclusion in the upper bracket of 
corrosion resistant materials. 


The effects of solution and prec 


reactions in the microstructure are sl} wy } 
the fact that the curve for rapid cooli: 
950° C. follows a different course from t! > ey», 
for slow heating. 

On reheating from 465 to 600° C. d wring > 


min., a contraction abe 
Corrosion Resistance to Acid Solutions (Intermittent Immersion) 1.67 parts per thousand () 
- 0.00167 in. per in.) due 
Loss, Grams IN 
AREA Loss, 
ALLOY So.CM. Per TEMPERATURE EXPANSIVITY 
1 Day 1 Day 2 Days 4 Days’ 8 Days So.CM. RANGE,° C. PARTS PER 
9 } 
Tes?’s IN NoRMAL HyprocuLoric Acip 
K-42-B 20.2 0.130 0.105 0.160 0.356 0.752 0.0743 50 to 400 14.85 
Nickel 22.2 0.364 0.271 0.375 0.723 1.351 0.138 50 to 500 15.10 
80-20 Ni-Cr 18.0 0.217 0.216 0.377 0.774 1.545 0.178 50 to 600 16.17 
Tests IN NorMAL Nitric Acip 
500 to 600 17.40 
K-42-B 20.2 0.150 0.004 0.000 0.000 0.005 0.0078 
Nickel 22.2 0.514 0.202 0.293 0.482 1.055 0.115 . ; 
80-20 Ni-Cr 0.386 0.010 0.002 0.001 0.004 0.022 constitutional changes 
partly counteracted 


Electrical Characteristics —— K-42-B may be 
classed as a high resistivity alloy. Figure 6 
notes its electrical resistivity in various heat 
treated conditions, as well as the effects of cer- 
tain temperature cycles. 

Magnetic Properties room tempera- 
tures and above, K-12-B is prac- 
tically non-magnetic. liquid 


expansion. Apparently » 
appreciable dimensional changes due to cons| 
tutional changes occurred during the ensuing 
16 hr. of stationary temperature, and from 606 
C. down, the heating and cooling curves coi; 
cided closely. Mean values for the norma 
expansion coefficients are given just above 


lemperature, F 


air, —182° C., it is somewhat mag- LOO 400 600 800 1000 1200 1400 600 & 
netic — that is, a definite pull can 124 T T yet a 
be felt when a strong magnet is °o Heating A 


brought close. However, the 
permeability is quite low, being 
about 1.008 at 0° C., 1.014 at — 100° 
C., and 1.07 at —195° C. 


Resistivity, Microhme per Gm Cube 


Thermal Expansion—In 1/8 
high temperature work dimen- 
sional changes due to stress are 16 
not the only source of trouble. 
Thermal expansion often plays id 
an important part by causing dif- 
ficulties in fits or clearances, and . 
also by creating stresses in he 0 
restrained parts that sometimes 
cause permanent alterations of Fig. 6 


shape and a train of attendant 
troubles. 

Figure 7 shows an expansivity test on a 
specimen of K-42-B taken from hot rolled bar 
stock. The thermal cycle was as follows: 

1. Heating to 950° C. in 1's hr. 
2. Hold at 950° C. for 1 hr. 

3. Cooling to 465° C. in 4 min. 
1. Reheat to 600° C. in 7 min. 


5. Hold at 600° C. for 16 hr. 
6. Cooling to room temperature in 4 hr. 


122 e Cooling 


120 Jemperature Coefficient 
Of Kesistance:197xlO-* fy 


Heated to 850%. In 114 Hr 
Held at 1 Hr 

Cooled to 450°C in 4 MIN 
Reheated in 7 Min. to (C: 
Held 16 Hr at (D+! 
Cooled to Room Temp. in4 
(EA) 


Quenched from 950°C. 106 Microhms per bm Cube 
Furnace Cooled fram 105 
Quenched from 950%. Annealed 72 Hr at 700°C, 108; 


200 400 6500 800 
lemperaureé, C. 


Measurements Show K-42-B 1s a High Resistivity ‘lle 


The foregoing results indicate tha’ th 
expansivity of K-42-B is somewhat higher (at 
ordinary steels up to approximately 700° C. and 
approximately the same as that of the aust ilk 
alloys of the 18-8 type. Dimensional ch: \ges 
due to constitutional effects appear to be «la 
tively small and are evidenced by an expe 
during cooling, which tends to minimize in! 
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| up during quenching from the upper 
temperature. 
asivity curves of two low-manganese 
‘tal steels are included in Fig. 6 for 
wn, with particular reference to irre- 
dimensional changes occurring in simi- 
vercial materials. It will be seen that 
t} inges in the steels are much larger and 
of site sign. 
king and Shaping — K-42-B is made in 
furnaces, either are or induction, and 
e cast to form special shapes or into ingots 
‘bsequently forged and hot and cold rolled 
to the usual commercial shapes. 
Machining properties of wrought and 


Jemperaturé, F 
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Fig. 7 
Alloys, Showing Especially Opposite Nature of 
Dimensional Changes in K-42-B on Cooling From 
About 900° C, 
tific Paper No. 433, National Bureau of Standards 


quenched K-412-B are similar to those of stainless 
steels of the 18-8 type. 
lighter cuts are necessary than with carbon 


Slower speeds and 
steels. However, the difficulties are no more 
than would be expected of any ductile material 
of the same strength. 

As-cast the material can be machined only 
with difficulty; drilling is usually impracticable. 
However, by reheating to approximately 1800° 
F. (950° C.), quenching in a salt bath held at 
approximately 925° F. (500° C.) and air cooling, 
machinability may be improved even in quite 
large sections to correspond with that of the 
wrought material as quenched. 
hot rolled, 
are photo- 


A collection of cast, wrought, 
cold rolled, and machined shapes 
graphed in the tail piece of this article. 

Heat Treatment — K-42-B responds to heat 
treatment. A usual procedure is to quench from 
the range between 950 and 1100° C. (1650 and 
2000" F.) and “temper harden” by reheating a 
(950 and 
Further improvement in mechanical 


few days between 500 and 700° C, 
1300° F.). 
properties can be made by cold rolling before 
or after quenching or both. 

A general idea of the response to heat treat- 
ment and cold work is given by Fig. 8, page 360. 

The long time and high temperature 
required for “temper hardening” suggest that 
the high temperature properties of K-42-B are 
relatively stable. 


Applications 


While it is a little early to state the ultimate 
utility of the alloy, K-42-B may, broadly speak- 
ing, be applicable wherever there is a need for 
high strength, together with good resistance to 


and oxidation. Frequently a small 


part will determine the size or net performance 


corrosion 


of a costly assemblage. Considerable expense is 
then justified in order to apply materials having 
special capabilities. It would seem that K-42-B 
will find its more important applications in the 
form of such critical parts rather than as a 
tonnage material. 

Nearly all modern designs aim to avoid 
high stresses in hot parts. Reasonably good 
balance among design features is struck with 


Thermal Expansivity of Comparative 


Curves for special steels from Scten- 
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conventional materials 
F 
by limiting the oper _60C 800 7000 7200 1400 
ating temperatures and 450 T 


stresses. In such cases 
mere substitution of 
material usually yields 
less than maximum 
advantages. Perhaps 
K-412-B may be looked 
upon, not as a substitute 


Reduced 50%; 
keheated and 


Oo 
IO 


& 


25%? 
Keheated and 
24 HP 


material, but as one on 


which to base new 
designs which, by taking 
full advantage of the 


Not Worked; 
ang 
Held 160 Hr 


NO 


keauced 10%; 
KeneHed and 
properties of the new Held 22 Hr 
material, will make pos- 
sible the accomplishment 
of new things. 


K-42-B has been suc- 150 | 
300 400 500 600 =800 
Reheating lemperatureé, C. 


vickers Pyrand Haran, 
S 
S 


200 j 
All Samples 

G5O%C (1740 F ) 


cessfully applied in com- 
petition with other 
materials for hangers for Fig. 8—— Hardness After Quenching From 
resistors in electric fur- 950° C. (1740° F.), Cold Rolling Various 
Amounts, and Holding at Various “Temper 


haces operating with 
Hardening” Temperatures for Times as Noted 


hydrogen atmosphere at 
1250° C. (2250° F.), for 


seats and othe hig) 


pressure steam ntro| 
parts, as well as { irhip, 
blading and cy) nde; 
bolts. 

Valves, exXhausti 
manifolding, spar: plug 
points, cylinder heag 
bolts and supercliarger 
turbine rotors for inter. 
nal combustion engines 
may be locations wher 
K-42-B could be used to 
advantage in engines 
which perform unde 
most severe overloads 

In industrial heat- 
ing furnaces such parts 
as work supports, con- 
veyor parts, mesh belts, 
rollers, pins, and other l 
mechanical or struc- 
tural elements that must 
operate under stress al 
high temperatures offer s 
openings for K-42-B. 


extrusion cylinders running at 600 to 650° C. Gas turbines are still in the development 
(1100 to 1200° F.) with internal pressures of stage, and it would seem relatively easy to make 
100,004) psi. or more, in making extruded metal departures in design to take advantage of new | 
shapes, for garter springs for shaft seals in materials. Temperatures ranging from 500 to | 
steam turbines, for tongs and carriers in heat perhaps 800° C. (900 to 1500° F.) are contem- | 
treating furnaces, and for non-sputtering elec- plated, and K-42-B appears to be a promising 
trodes in thermionic devices. material for blading, shafting, valve parts, bolts 

In the high pressure steam field it would and possibly even such major elements as rotors 
seem applicable as springs, valve bodies, stems, and cylinders. $ 


Collection of Cast, Wrought, Hot Rolled, Cold Rolled, and Machined Shapes of K-42-B 
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Saving Nickel in High Alloy Castings 


NICETOWN, PHILADELPHIA 
lo the Readers of METAL PROGRESS: 

In his article in the January issue on “True 
Economy in the Use of Chromium and Nickel”, 
Marruew A. Hunrer, I am afraid, puts some 
suggestions made in reports of the Alloy Cast- 
ing Institute into words of his own, and thus 
puts the Institute in the wrong light. 

Merely to set the record straight, the docu- 
ment to which he referred is entitled “A Report 
of the Alloy Casting Institute on Possible Saving 
of Nickel in the Alloy Casting Industry”, and 
was addressed at his request to Zay JeEFrrRIEs, 
chairman of the Metals Conservation & Substi- 
tution Group of the National Academy of Sci- 
ences. It was circulated to all producers of 
alloy castings for their opinions prior to sub- 
mission to the Office of Production Management. 

The figures given in the report were for the 
year 1910. It was suggested in the report that, 
in the interest of nickel conservation, some cast- 
ings that had been made of 60 to 70° nickel 
grade might be made of the 35 to 40° nickel 
alloy, and some of those made of the 35 to 40% 
nickel alloy might be made of the 25% chro- 
mium, 12% nickel alloy, and so forth. It was 
then shown that, had this sort of substitution 
been applied in three-quarters of the 1940 pro- 
duction, a saving of 1,000,000 Ib. of nickel and 
an increase in consumption of 500,000 Ib. of 
chromium would have resulted for that year. 

‘| was estimated that production in 1941 of 
leat resistant castings might be double that of 
IN) and that, even were the suggested substi- 
tu s found possible, 5,360,000 Ib. of nickel 
be required for heat resisting castings. 


Correspondence 
and Foreign 


Letters 


Actually 5,268,200 lb. of nickel was used in such 
castings in 1941. Furthermore the Institute's 
estimate for nickel consumption in corrosion 
resisting castings for 1941 was 810,000 Ib. against 
an actual 822,300. 

Available figures can also be analyzed as 
to types and grades. For instance, the produc- 
tion of 60 to 68% nickel castings in 1941, the 
year just completed, required the consumption 
of 1,350,900 Ib. of nickel. Had the production 
of such castings in 19141 borne the same rela- 
tionship to total alloy castings produced that it 
did in 1940, the nickel requirement would have 
been 2,215,200 Ib. Thus a sizable saving in 
strategic metal was made, The Institute did not 
suggest, as Professor Hunrenr’s text states, that 
500,000 Ib. of the 60° alloy would meet our 
annual requirements. Figures were available 
at the time of writing the original report for the 
first four months of 1941, and production of 
castings containing 60 to 70% nickel already 
had amounted to 624,000 Ib. While production 
was even then on the increase the proportion 
of higher nickel alloy being cast was already 
declining and it continued to do so. 

While the general recommendation was 
made that lower nickel alloys be used wherever 
possible in place of high nickel alloys, there was 
a warning that such substitutions should not 
be carried to the extent of causing frequent 
replacements and lengthy shut-downs. 

The supplementary report requested by 
H. LeRoy Wurrney, of OPM, detailed to some 
extent the types of alloys suitable to various 
conditions of service. It carried the following 
warning with respect to substitution: 

“Any arbitrary limiting of the percentage of 
nickel which would tend to force, willy-nilly, the 
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substitution of one of these types for another, might 


well result in a dislocation of industrial practice 
detrimental to the defense program and result in 
waste rather than conservation of nickel.” 

Professor HuNTER seems most interested in 

supporting the higher nickel type of heat resist- 
ing alloy (60° nickel). What the Alloy Casting 
Industry’s supplementary report to Mr. Wurr- 
ney of OPM contained, concerning this high 
nickel type of alloy, was: 
“There are some applications which cannot be 
generally classified, however, where 60 or 65% 
nickel alloy is the only suitable material, or is 
clearly metallurgically indicated, and it is prac- 
ticable for the producer to certify the necessity for 
such use of this class of alloy.” 

What Committee B-4 of the American 
Society for Testing Materials said in its report 
concerning the high nickel alloy was: 

“Furthermore, in this field there are cases 
where particularly severe service conditions must 
be met and where it has been well established that 
alloys of higher nickel contents provide the most 
economical use of that metal. Where proof of 
such circumstances is submitted, we recommend 
that the producer be permitted to furnish alloys 
containing nickel up to 62%.” 

These facts and quotations are sufficient, 
I think, to show that both the Alloy Casting 
Institute, Committee B-4 of A.S.T.M., and Pro- 
fessor Hunrer agree that there should be no 
arbitrary substitution of alloys lean in nickel 
for rich ones, and that all of us realize that 
nickel and chromium are present because of 
their specific effect in resisting certain types of 
chemical attack. None of us have ever ques- 
tioned the usefulness of the 60% nickel type. 

Francis B. Fotey 
Chairman of Technical Committee 
Alloy Casting Institute 


Railroad Failures 


The Question of “Burned” Axles 


SHEFFIELD, ENGLAND 
To the Readers of Mevau PrRoGREss: 

In the article on “Railroad Failures in 
Tracks and Cars” by Messrs. McBrian and 
ARCHIBALD in the August issue of Metat Proc- 
RESS, it is suggested that actual “burning” of the 
steel had occurred in the axle which failed as a 
result of a hot box. 

We in these laboratories have examined 
failures of this type, and have on several occa- 
sions found interpenetration of bearing metal 


and heating of the axle journal thro «) the 
critical range, but never burning. In { t. | 
findings have been so similar to those sh) .wy hy 
the illustrations in the article that we are jp » 
doubt that interpenetration of bearing }) 1d 
occurred in the axle reported by Mess». 
McBrian and Arcuisap, and not burnin. 

J. H. Srace 


Metallographist 
English Steel Corp. Ltd 


Mr. McBrian's Reply 


As we read Mr. SLaceG’s comments, his erit. 


icism is directed at our use of the term “burp. 
ing”. May we say at the outset that this is th 
term used commonly by railroad men to 


Overheated Steel Axle, at 200 Diameters, 
Showing Evidences of “Burning”, or Incipient 
Melting at Austenite Grain Boundaries 


describe failures of this type in connection with 
‘ailroad car axles. A more scientific definition 
of the term is by Howe, quoted in Savveun’s 
“Metallography and Heat Treatment of Iron and 
Steel” to the effect that burning is “a mechanical 
separation of the grains on extreme over)eat- 
ing”. Srovucuron & Burts in “Engineering 
Metallurgy” call burning “a heating to above 
the solidus line”. 

We feel justified in saying that burning 0 
the strict metallurgical sense is encountered no! 
infrequently in the failures of American rail- 
road car axles. The accompanying photom ¢r0- 
graph, from many in our files of failures, '5 
unquestionably an example which fits the 
tions of burning as quoted, as does the or !2 
our article. R. Mech’ 


Metal Progress; Page 362 


on 
Ot 
ele 

nt 

\ 

| 
| 


ace of the Electronic Structure 
sluble Elements on the Range 


Stability of Gamma Iron 


SCHENECTADY, N. Y. 

of MeTAL PROGRESS: 

nfluence of various elements on the 
stability of a and y phases in iron has 
tical and theoretical interest for metal- 
vrev for many years. Certain elements tend 
ease the temperature range of y phase 
‘in pure iron 1663 to 2550° F.) and eliminate it 
entirely at a certain characteristic composition. 
Others have the opposite influence of increasing 
that range. We are interested here only in those 
elements which are soluble in iron. The prac- 
tical importance of these phenomena and the 
need for correlation with other properties of 
elements, especially for study of ternary alloys, 
does not need to be stressed. 

The first attempt to explain these facts was 
made by Ormonp as early as 1890, and then by 
Wever, who tried to correlate them using 
the atomic-volume curve. The result of these 
and other considerations was the statement that 
there is a connection between the position of 
the element in the periodic system and its influ- 
ence on the relative stability of the two phases. 
This is shown in the attached figure. Full cir- 
cles indicate elements which, added to iron, 
decrease the range of stability of the y phase; 
full triangles indicate elements having the oppo- 


Wever’s Diagram Showing the Connection Between the assy 


Transformation in Iron and the Periodic Table of 


cal Elements. (Minor changes are due to recent data.) 


site influence. Open circles and triangles indi- 
cate elements of limited solubility in iron but 
showing a distinct influence on the two trans- 
formation points. 

A new interpretation of these known phe- 
nomena was suggested by the undersigned at 
the meeting of the American Physical Society 
in Princeton last December. Results of the 
modern theory of electronic structure of atoms 
indicate that there is a connection between the 
density of the so-called “free electrons” in cer- 
tain metals and their energy. We need not go 
here into details which will be given elsewhere; 
it may be said, however, that according to the 
theory an increase in the number of electrons 
per iron atom increases the stability of the y 
phase and decreases the stability of the a phase. 
In the periodic table, elements in each column 
have similar outer electronic shells, and the 
number of electrons in these shells increases 
toward the right side of the table. This explains 
the most evident distinction between the ele- 
ments to the left of the iron column and those 
to the right of it. The group of atoms to the 
left of iron that have fewer outer electrons than 
iron decrease the average number of electrons 
per atom in the alloy and thus, according to 
the result mentioned above, increase the range 
of stability of the a phase. The opposite hap- 
pens for the other small group of elements to 
the right of iron. 

This obviously does not explain the influ- 
ence of all elements on the allotropy of iron as, 
for instance, manganese, which 
is to the left of iron, and carbon 
and nitrogen as well as copper 
and zine. In order to take these 


Chemi- 


into account, we have to consider 


] Iv not only the number of electrons 
I | | | H | | | lHe in the atom of the alloying ele- 
Be C [Ne ment but also the energy neces 
Mg Al; |Si| P Cl | Ar 
a Cu Zn Ga Ge ‘As; (Se Br) Kr mate can be carried out for these 
+ + + + le . the basis f 
F sr Y Zr| Cb ‘Mo Ma Ru Rh Pd elements on the basis of our 
ae ee ae — knowledge of the optical terms of 
Bol T + + + + 
Ce Hf oF In this way, taking into 
|Hg) [Tl Pb| Po| | | | [Rn account both the number of elec- 
Ral [Ac| “Th [Po U if trons and the energy involved, all 
— but carbon and nitrogen are sat- 


increasing stability of-Q/- phase 
x - " insoluble in iron 


symbols indicate limited solubility 
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isfactorily explained. The analy- 
sis of the electronic structure of 
these two alloy systems is more 
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difficult since they form an interstitial rather 
than substitutional lattice. It seems that here 
the role of the solute elements is merely to 
expand the iron lattice, and it can be shown 
that this lowers the energy of the y phase rela- 
tive to the a phase, and thus decreases the 
stability of the latter. 

In some cases for which more detailed data 
are available, a more quantitative picture can 
be obtained in comparing the influence of vari- 
ous elements. Other properties, thermal and 
magnetic, are connected with the phenomenon 
here described, but their description goes 
beyond the limits of this note. 

RoMAN SMOLUCHOWSKI 


Research Laboratory 
General Electric Co. 


Micro-Hardness of Micro-Ingot 


WaAYNESBORO, Pa. 
To the Readers of Mera. PRroGress: 

Above is a micrograph to add to your ever 
increasing collection of oddities. 

The micrograph, taken at 100 diameters 
magnification, is that of a surface of 18-4-1 high 
speed steel which was experimentally treated as 
follows: Carburized at 1700° F. for 8 hr.; pre- 
treated at 1750° F.; quenched in oil; hardened 
by preheating at 1550° F., superheating at 2350° 
I., and quenching in oil. 

The word “experimentally” is used advis- 
edly, since this treatment is hardly recom- 
mended for high speed steel! After treating the 
surface of the sample was lightly ground, pol- 
ished and etched in 5‘¢ nital. The Rockwell 


hardness was C-46 and the specimen was 4 
hard. 

The central spot, dendritic in patters, 
which traverse the Knoop hardness indente 
impressions, was liquid at the time the spec. 
men was quenched from the 2350° heat. 7p, 
spot or “pool” was originally just beneath wha 
was a black oxidation pit such as may be see: 
near the edge of the micrograph. The averag 
micro-hardness number of the two impressions 
inside the “pool” is 803, and the average miero. 
hardness number outside this area is 606, 

The higher hardness in the “pool” area js 
possibly associated with the dendritic or quasi- 
martensitic structure. It is likely that the mor 
rapid oxidation at the pit generated enough hea; 
to melt the small drop, and reduced the carboy 
content of this area, and on quenching the metal 
did not retain the full austenitic structure of jjs 
J. G. Morrison 


Metallurgist 
Landis Machine Co, 


surroundings. 


Welding Influences Philately 


CLEVELAND, 
To the Readers of Merav ProGress: 

Some months ago we learned that the figur: 
of a welder was adorning a new issue of stamps 
in the Union of South Africa, but have only 
recently been able to secure some samples. This 
special issue recognizes the great part are weld- 
ing is playing in the construction of all sorts of 
industrial and war equipment. 

Each stamp is printed both in English and 
in Afrikaans, which is the case with all stamps 
issued in South Africa. 

The stamp depicts a welder using modern 
shielded electric arc equipment and dressed in 


protective head shield, gloves and other spec!@! 
clothing. The 6-penny stamp shown is of orang! 


color. As far as I know, this is the first time tha 
such a subject has been issued in the hist 
Alton F. Da 
Vice-Presid 
Lincoln Electr! 


stamps. 
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‘Chrome-Moly cast iron kee 
high temperature costs dow 


Automotive exhaust manifolds must have resistance 
to growth, and good strength at elevated tempera- 
tures. Competitive conditions demand minimum costs. 
An iron containing about 3.30% C—2.20% Si— 
0.70% Mn — 0.60% Cr — and 0.60% Mo does the trick, 
while holding down foundry and machining costs. 
This Chromium-Molybdenum combination is char- 


acterized by high strength and toughness at the work- 
ing temperatures encountered in exhaust manifolds. 
Its growth resistance prevents warpage and cracking 
— saves gaskets. 

Send for our free technical book, “Molybdenum in 
Cast Iron,” giving detailed data on Molybdenum irons 
of interest to production engineers and executives. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
MOLYBDIC OXIDE—BRIQUETTES FOR THE CUPOLA + FERROMOLYBDENUM FOR THE LADLE 
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Robb W. James and G. J. assignment to Charlesto, 
Hales @, formerly lieutenants in 


Personals 


Transferred by 
the Cleveland Ordnance District, ndberg 
Engineering Co.: W. R. “mith 
—_ have been promoted to the rank : aye 8 
A. L. Boegehold @, chiet tie from the Chicago sales to 4, : 
metallurgist, General Motors — Detroit sales office. 
Monte bes Carey Pruitt @ is on leave 
eda of the A.P.A., 1€ nois Steel Corp., and is a 
preside nt, Ohio chapter ©. has lieutenant now stationed 
Stee Fount ry Co., Lima, Ohio, grantec a lieutenant commant ers Watertows 
will receive the John A. Penton commission in the Navy in the 
Gold Medal of the A.F.A. field of metals, with a tentative W. D. Riddle, Jr. G, former) 


metallurgist at Republic Stee 
Corp., Chicago, is at presen 


CUTTING OIL SERVICE | cai 


Transferred: Stanley C. John. 


son @, from Clairton Works o/ 
> SS S Carnegie-Illinois Steel Corp. | 


U. S. Steel Corp. Research Lab. 


oratories, at Kearny, N. J. A 

Roy J. McDaniel @ is 
employed as a principal physica! 


science aid in the engineering 
department of the U. S. Nava! 
Air Station, Norfolk, Va. 


W. C. Heaslip @ has been ' 
transferred from United Stee! 
Corp., Ltd., Welland, Ont., to tlh: 
New Castle Defense plant, Divi- 
sion of Edge Moor Iron Works, 
Inc., New Castle, Del., as chie! 
metallurgist and general superin- 
tendent in charge of all opera- 
tions. 


Bertrand S. Norris @ is now 
an instructor in the Department 
of Metallurgy, Pennsylvania State 
College. 

Capt. Joseph L. Jones 
now officer in charge of inspec- 
tion for the Ordnance Depart- 


HE specialized cutting oil ex- 


perience developed at pioneer ment and also in charge 01 pro- 
war products plants provides a duction control at the St. Louis 
valuable working Ordnance Plant. 


tool, immediately 
available to new 
government con- 
tractors. 


James Brinn @ has accepted 
a position as plant superintend- 
ent with the Northwestern iron 
and Metal Co., Lincoln, Ne! 


Theodore E. Wood ©. ‘or 
merly design engineer for |avid 
Bradley Mfg. Works, is now ¢m- 
ployed by the Elliott Co of 
Jeannette, Pa., as an experim nta! 
engineer. 


For All Cutting Fluid Problems 


D. A. STUART OIL CO. 
Chicago, U.S.A. ° (“LIMITED © 1865 
Werehovses in All Principel Metal Working Centers 
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When Thos. A. Edison made his basic electrical 
discoveries, he likely did not comprehend 
their full significance. When A. L. Marsh 
invented the series of Chromel (nickel- 
chromium) alloys for the fields of electric 
heat and pyrometry, he, too, could not fore- 
see the extent of their value. But every 
passing year of the past 35 has shown the 
value of these Chromel alloys to home and 
industry. Chromel made possible most elec- 
tric furnaces in use today. Thus, it placed 
this Hoskins laboratory furnace in the Edison 
Institute at Dearborn, Michigan. Chromel 
also has placed many Hoskins electric fur- 
naces in the Ford factory. If you need an 
electric furnace for your laboratory, or for 
production heat-treatment, ask us for Cata- 
log 58... . Hoskins Manufacturing Co., 
Detroit, Mich. 


HOSKINS 


Our alloys are also available as heat-resisting castings. All the 
metals ore melted by high-frequency induction, insuring purity 
and uniformity of analysis of the alloy. We specialize in alloys 
of the 35-15 type, as rolled rod or cast. If you need heot- 
resisting metal, tell us about it. We're sure we can help you. 


PRODUCTS 


HEAT TREATING FURNACES - - HEATING ELEMENT ALLOYS © + THERMOCOUPLE AND 
+ + PYROMETERS - - WELDING WIRE + + HEAT RESISTANT CASTINGS + + ENAMELING 


oS + - SPARK PLUG ELECTRODE WIRE - - SPECIAL ALLOYS OF NICKEL + + PROTECTION TUBES 
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| A. B. Lawrason @, formerly John B. Flanagan ©, rmer) 

ersonalts with Railway & Power Engineer- with Great Lakes Steel | rp., te 

ing Corp., Ltd., Toronto, is now now employed in the proces 

vice-president and general man- engineering department of the 

Ensign Arthur E. Blirer ©. ager of The Eureka Planter Co., Pennsylvania Salt Mfg. Co. 
U.S.N.R., is now stationed at the Ltd., Woodstock, Ont. Wyandotte, Mich. 

Naval J. D. Lovely @, formerly A. C. Gunsaulus ©, former) 

in the production division. 

metallurgical engineer at Chrysler manager, mold design depart. 

Stephen D. Garst @ is em- Corp.’s Highland Park Engineer- ment, Goodyear Tire & Rubber 

ployed by the American Foundry- ing Division, has been transferred Co., Akron, is now manager of 

men’s Association in Chicago as to the Airtemp Division, Dayton, development engineering, whee! 

an assistant technical editor. Ohio, as chief inspector. and brake division, Goodyear 


Aircraft Corp. 


| Edward E. Jones ©, formerly 
inspector of engineering materi- 
als (aeronautical) at the Naval 
Aircraft Factory, Philadelphia, is 
now principal inspector of engi- 
neering materials (aeronautical 
at the Bureau of Aeronautics, 
Navy Department, Washington 


FATIGUE TESTING TIME xordenon 


Union Oil Co. of California and 
WITH THE is now working for Tennessee 


Eastman Corp., Kingsport, Tenn 


R. M E M A H N E as a chemical engineer. 


Nathaniel Fick @, formerly in 
the metallurgical department of 


the Tennessee Coal, Iron and 
Railroad Co., has been transferred 
to the Gary Works, Carnegie- 
Illinois Steel Corp. 


Floyd L. Wile formerly 
Improved to meet the demands heat treat inspector and metallog 
for rapid fatigue tests, the R. R. rapher, R. K. LeBlond Machine 
Moore high speed Fatigue Testing Tool Co. Cincinnati, is now 
Machine now operates at speeds 
of 10,000 rpm. The machine is 
equipped with a variable speed 
drive—an essential feature in the 
testing of certain alloys which 
heat up when highly stressed and 
it also allows correlation of high 
speed tests with previous lower 
speed tests. 

Based on the rotating beam principle, the R. R. 
Moore Machine has gained widespread acceptance. 
These fatigue testing machines are in constant use in Motor Car Co., 
the nation’s leading research laboratories. Write for foreman, Bendix Aviation Corp. 
descriptive bulletin No. 134-A Wayne Division, Plymouth, Mich 


W. P. Benter @, former!) 
manager of the alloy el 
bureau of Carnegie-Illinois 


Corp., Pittsburgh District, ts 00% 
chief metallurgist, Christy | 
Works, National Tube 
McKeesport, Pa. 


inspector of ordnance materials, 
Cincinnati Ordnance District 


Carl Szego @ is now employed 
as superintendent at the Barth 
Smelting & Refining Works, Ine. 
Newark. 


C. F. Wegner @, former!) 
metallurgical foreman, Hudson 
is now heat treat 


BALDWIN LOCOMOTIVE WORKS 
a o t ' 
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AMERICAN Production, American Distribution, 
American Control—completely integrated. 

Mines: Tucson, Arizona; Questa, New Mexico. 

Smelting and Refining Works: York, Pa., Washington, Pa. 

Offices and Warehouses: Pittsburgh, New York, Chicago, 
Detroit, Los Angeles, San Francisco, Seattle. 

Sales Representatives: Edgar L. Fink, Detroit; H. C. 
Donaldson & Co., Los Angeles, San Francisco, 
Seattle. 

Ample stocks, sales facilities, technical advice available. 


Wherever American steel goes into weapons of attack 
to defensive armor against the Axis powers, the 
rtance of Molybdenum increases more and more. 


or 


| 
= 


High strength, uniformity of strength and hardness 
in irregular sections, high-temperature strength, 
machinability with high strength and high degrees 
of hardness—materials with such properties are the 
assurance of victory on land or sea or in the air. 
“Alloys will win the war.” 


No alloying agent is more versatile than Molybdenum, 
none more easily introduced in various compositions 
for various needs. And none is more tolerant in the 
presence of other elements, conferring its own bene- 
fits without diminishing theirs. 


In the United States, and nowhere else, Molybdenum 
is abundant. Some metallurgical materials of great 
value become scarce under war demands, but of 
Molybdenum there is still enough for both military 
and civilian uses. Correct advice and convenient 
supplies are offered to any American manufacturer. 
Literature will be mailed on request. 


MOLYBDENUM CORPORATION OF AMERICA 


GRANT BUILDING, PITTSBURGH, PA. 
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Personals 


Ensign Philip L. Kirsh ©, 
U.S. N. R., is on temporary duty 
us ordnance inspector at the Gen- 
eral Electric Co. in Schenectady. 


Ralph Parkman @ is now 
working in the 
laboratory of the Halcomb Steel 


Division of the Crucible Steel Co. 


metallurgical 


olf America. 


Robert F. Yeager ©, formerly 
instructor of chemistry and met- 
allurgy at Fenn College in Cleve- 
land, is working at the 
Bureau of Mineral Eco- 
Secondary 
Metals Section in Pittsburgh. 


Henry J. Becker © 
resigned from Sperry Gyroscope 
Co., Garden City, N. Y., and is 
associated with the 
year Aircraft Corp., Akron, Ohio, 
assisting in tool engineering. 


now 
Mines, 


nomics Division, 


has 


now Good- 


DETROIT REX 


PRODUCTS 
COMPANY 


13006 HILLVIEW AVENUE DETROIT, MICHIGAN 
Branch Offices In Principel Cities of A.—In Conede: Conedion Henson & Van Winkle Co., Lid., Terento, 
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Watertown Arsenal peo, 
promoted to the rank 
tenant colonel. 

L. W. Oswald © has heey 


appointed manager, Sar ang 
Semi-Finished Materials 


bureau. 
Carnegie-Illinois Ste Corp. 
Metallurgical Division, Pittsburgh 


District. 


E. K. Smith ©, formerly ser- 
vice metallurgist for the Electr, 
Metallurgical Co., Detroit, has 
been given leave of absence fo, 
the duration and is now 
metallurgist, Industrial 
Tank and Combat Vehicle Divi. 
sion, Army Ordnance Depart. 
ment, Washington, D. C. His 
wife, Rebecca H. Smith @ has 
given up her 


senior 


Servic 


office for metal- 
lurgical work in Detroit to tak 
at Naval Gu 


Factory, Navy Yard, Washington 


up similar work 


Harold R. Wegner ©, former!) 


metallurgist with Brown-Lipe- 
Chapin Division of Genera! 
Motors 


resigned to accept the position 


Corp., Syracuse, has 
of metallurgist and plant super- 
intendent with Syracuse Heat 
Treating Corp. 


Promoted by Carnegie-Illinois 
Steel Corp.: Frank T. Bumbaugh 
from metallurgical enginee: 
bar and semi-finished products u 
Pittsburgh, to assistant manage! 
of sales, alloy division, Chicago 


William E. Butts 6. 
president, General Metals Corp. 
Oakland, Calif., has been 
appointed to the Steel 
Industry Advisory Commitiee o! 
the War Production Board 


vice- 


Casting 


Robert P. Lawrance @ 
been made chief metallurgist al 
the plant of the National Enam- 
eling & Stamping Co. of Jackson- 
ville, Ill. 


Arthur Durr @, after sever® 
months’ service as developmen! 
engineer, Malleable Founders 
Society, has returned to astert 
Malleable Iron Co. as_ te: 


advisor. 


who think 19 terms of metal 
4 auctio® men with years of experienc® jn ‘ ~ 24 
: puilding metal cleaning equipment all 
compris® the Detroit Rex All | — 
watt of the™ are at your gervice a 
They have peen responsible for some of eal 
most important yelopmen in metal ; i 
cleaning processes: Today Detre* dratt- 
ind rooms: machines are peins gesignet 4 
for eve™ fastet: more efficient production: 
In Detre* jaboratories: constant progress 
is peing made jn geveloPing the most 
| eltective cleaning and gol . 
yents- In Detre* factories: machines are ~ 
peins puilt to give you years of trouble af = 
@ Above’ One of the sever?) Detre* draitind rooms 
Centet: A view one of the Detre* factories 


pPECIALIZE IN THE FABRICATION 
up VELDING OF ALL TyYPEs oF ALLOYS 


Flere are just a few of the man 
products made by The Pressed Stee 
Company. Manufacturers every 


where have been able to affect sub 


stantial savings through the use o 


this lightweight equipment... sav 
> * ings that mean increased productio1 


and added profits. 


Annealing Cover produced for a large steel mill. Our special 
process welding gives this annealing cover unusual strength. 


* 


Annealing Tubes made to specification. They are 20 ft. long. Made of lightweight Bubble Caps for Refinery fractionating equipment 
alloy. Tubes like this have been in use for over 10,000 hours and still going strong. Pressed Steel Company caps are heated affer fabricati 


Pickling Basket made of type 304 Cross section view of Alloy Retort weighing 5400 
nless steel. Special alloy welded. Ibs. Special inside construction to specification 


PRESSED STEEL COMPANY PRODUCTS: Carburizing and Annealing 
- Boxes, Thermocouple Protection Tubes, Seamless Steel Cylinder Caps. Seamless omade 


| 
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/ = 
| 
4 


Personals 


Promoted: Howard S. Riley 
from assistant superintendent to 
superintendent in charge of pro- 
duction for Warren Steam Pump 


©. assigned to the Cincinnati 
Ordnance District; John J. Grimes 
©. with the Air Corps in the 
Central Procurement District, 
Detroit. 


John L. Brewster @, formerly 
engaged on Priority Section work 


Co., Warren, Mass. 


as first 
Artillery Corps; G. 


Ordered to active duty in the 
U.S. Army: Howard C. Beede @, 
lieutenant in 
Park Boian 


for General Electric Co. in Bridge- 
port, Conn., is now studying the 
Naval Reserve Midshipmen’s En- 


Coast gineer Training Course at Annap- 


olis, leading to a commission as 


i] 


Jt Took 


ELASTUF CHRO-MOLY 
to Do THIS Job 


This plunger operates in an automatic 
press making preforms used in the 
molding of plastics. At 50 strokes per 
minute, it applies, with every stroke, 
force generating pressures up to 15 
tons! This part, machined from a piece 
of 3” rd. 18” long ELASTUF CHRO- 
MOLY Heat Treated, takes terrific pun- 
ishment, and the manufacturer knows 
that this steel will give continuous and 
trouble-free service to the user. Why 
CHRO-MOLY? First, to ensure proper 
strength. Second, the part needs con- 
siderable machining, which is entirely 
possible with this steel in the heat- 
treated condition. Without this latter 
feature of CHRO-MOLY, the plunger 
would be difficult to manufacture, since 
it must be accurate, free from distor- 
tion and stress concentrations. 
Perhaps this steel, which is providing 
the practical answer to so many prob- 
lems, can be helpful to you right now. 


Send for 
“ELASTUF STEELS 
in ACTION” 


This booklet describes many 
cases where CHRO-MOLY 
and other steels of the 
ELASTUF Group have made 
designs practical and estab- 
lished performance records. 
A copy is available to all 
department heads in Pur- 
chasing, Engineering and 
Plant Management. Address 
Machinery Steel Division at 
the nearest address below. 


BEALS-McCARTHY & ROGERS BUFFALO-ROCHESTER 
A BROWN-WALES CO. © BOSTON, MASS.-LEWISTON, ME. 
HORACE T. POTTS CO. © PHILADELPHIA-BALTIMORE 
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ensign in the U.S. Nay — Reg, 


Lieut. Karl Wentz 8. | 
N. R., is now an engin or og 
on a minesweeper son. wher, 
the Atlantic. 


\ 


L. J. Haga @ has gi\ oy up 
professorship at Illinois [pst 
of Chicago to become conn 
with the Kaydon Engines: 
Corp. of Muskegon, Mich 


Transferred by Pittsbu 
Steel Co.: C. J. Gaspar ©, {; 
Chicago special represe) 
tive, Stainless Steel Division 
the general office in Pittshur: 
as assistant manager of stai 


steel sales. 


H. S. Van Vleet © of | 
American Can Co. is now 
nected with the Materials Cons 
vation and Substitution Bra 
of the Bureau of Industrial ( 
servation at Washington, D. ( 


Roger Waindle &, sales mu 
ager, The Fahralloy Co., has ly 
released to the Chicago Ordnai 
District of the War Departmen 


A. B. Albree @ has receive: 
leave of absence for the dura! 
from Wetherell Bros. Co. in Ca 
bridge, Mass., and is now 
ployed by the Bridgeport Grindin 
Machine Co., West Haven, Con 
as buyer and metallurgis! 


James A. Harding torme: 
factory manager with 
Valve & Meter Co., Philadelp! 
is now manufacturing engin 
with Marchant Calculating M° 
chine Co., Oakland, Cali! 


Fred E. Bowman @, 
research fellow at Purdue Un 
versity, is now research metallu! 
gist at Climax Molybdenum ' 
of Michigan. 


H. B. Shepherd @ has bee! 
appointed assistant distric! sales 
manager of the Clevelan: sae 
office of Jones & Laughii» Ste 
Corp. L. S. Berkey @, 
resident sales manager in oled 
has been appointed distr sales 
manager in St. Louis. 


| 
ins 


Metallurgict Engmnee™ 
TREATING BATHS 
NEW HAVEN: CONN: | 
gentlemen 
pefens® Heat qreatiné gemands speeds accuracy and 
proach is obtain tne Se 
puriné she past eight years jeve Lopmen’® sn por 
gurnace aesigns and Salt Baths nave made possible snor® cuts 
These are now availerte ma intei quality and 
speed production 
recent appricat?™ was ne of pomb noses 
at the same +ime errectet savings of 25% in sonsuued materiel: 
any one of our gnginee™® can edvis® 
you now snoreas? the 1ife of your nigh speed whether 
you make OF purchase them. increase? nigh speed 1:fe 
tne se newer metnods ave race more ‘heat 
ceramic pots in our electrode gurnace® are now guarané 
reed six months when used at above 9000° and 
for one year at remperature® under 2000° Fe 
aegarales® of the proble™ there snort cuts whieh 
can be acnieve™ with Li * engineer ne 
jn more +nan 1.000 plants make possible | 
There is gnginee™ jocated neer your plant for 
There are and equipmen® operat} 
whichs wi tnout can ve your needs 
Very your Ss 
Re Fe 


Extrusion of Light Alloys’ 


By R. Worsdale 


EXTRUSION of light 

alloys, horizontal hydraulic 
presses are the most satisfactory. 
Essentially, they consist of a con- 
tainer which receives the pre- 
heated ingot or billet to be 


extruded, 
evlinder, 


the 
and ram. The billet to 


die, a pressure 


be extruded is placed in the con- 


tainer, 
end by 


which 
the die 


closed at one 


and at the other 


by a pad or pressure disk. This 


disk 
cylinder, 


is 


moved 
through the ram; the 


by the pressure 


metal is forced through the die, 


BARRELS, 
TABLES, 


SPECIAL 


No matter how tough the test—how difficult the problem— 
turn to Pangborn for blast cleaning that is QUICKER, 
CHEAPER and BETTER. 


If pushed for production—install airless ROTOBLASTING 
—use it twenty-four hours a day—seven days a week. 
Pangborn Barrels, Tables and Special Cabinets have 
stamina and strength—have proven they can take it— 


BY CONTINUOUS INCREASED PRODUCTION. 


For speed—for control—for lower cost cleaning—shift 
gears quickly into ROTOBLASTING. Costs have dropped 


as much as 50%. 


Production has increased as high as 
80%. And quality goes up to the very top. 


For quickest possible delivery—place tentative orders NOW. 


WORLD'S LARGEST MANUFACTURER OF BLAST CLEANING & DUST CONTROL EQUIPMENT 


CORPORATION 


n 


Vetal Progress: Page 388 


and takes the contour whic 

the die is cut. The flow hp, ih — 
these presses, which ya) | jp siz 

from 250 to 6000 tons cay 

regulated to very fine Lits 


speed, particularly necessary | 
extrusion of light alloys. 
The container consi 
forged steel circular body Jip, 
with nickel-chromium-tungste, 
heat resisting steel and sy 


rounded by a heating chambe 
The ram, mounted in thy pres 
sure cylinder, moves horizop. 
tally. The die-head holds th 
die-plate, holder and bolste; 

The die-plate, upon correc 


cutting of which depends th 
success of the extrusion, is 
machined disk of nickel-chro 
mium-tungsten steel on which js 
inscribed the contour of the se« 
tion. The whole art of die mak 
ing is in shaping the “bearing” 
or entrance contours, to insur 
an even flow of metal. 

Die-plates for aluminun 
alloys are cut square, but for 
magnesium alloys a slight radius 
is necessary. All dies are relieved 
on the exit side, and highly po! 
ished. The die-holder and bolste: 
are cut similarly to the die-plat: 
except the contour is larger 

Only the metal opposite th 
aperture flows straight through 
it, the rest passing to the reat 
and then down the center. “Cor - 
ing” or “piping” from this com 
plicated path must be avoided 

The billets are heated at 700 
to 900° F., and soaked for 6 | 
10 hr. Speed of the extrusion 
and the temperature of the meta 
are adjusted for each alloy 
Hardeners in the alloys Leces 
sitate greater pressures. 


Extruded parts are frequent! 


quenched and aged. To min 
mize quenching distortion, vert 


cal furnaces drop the load in! 


a quenching bath below the tu! 
nace. Straightening is d: by 
hydraulic stretching machines | 
by local “kinking”. 


*Abstracted from “Mode 
tice and Developments in the 
sion of High Strength Light - 
Metallurgia, February 1940, 
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SMALLER POT FURNACES... 


_ Large Installations for Hardening, Quenching 


OR and Drawing HIGH EXPLOSIVE SHELLS .. . 


MAH MAKES ‘EM 


ie! 


<— LEFT: A battery of MAHR lead melting pot 
furnaces in use in a large battery plant. MAHR pot 
furnaces for melting or for heat treating with salt, 
cyanide etc. are fully described in Bulletin No. 110. 


RIGHT: Part of a battery of large —> a 
MAHR car bottom furnaces used in an 
important defense plant for carburizing 
armor plate. 


@ Yes, whether it's a preheating torch, a blacksmith or rivet 
forge, a pot furnace, a tool fuinace or a complete high explosive 
shell hardening, quenching and drawing installation, MAHR 
engineers have made them all. No matter what your heat treat- 
ing requirements may be, MAHR’S quarter of a century of 
experience in making all types of furnaces for all kinds of work 
is at your service. Today, when time is all-important — when 
the job must be done quickly and right the first time — 
place your confidence in this large and experienced organi- 


zation. 


MAHR! UFAG CTURIN Go) 
= DIVISION OF DIAMOND IRON WORKS, INC. 


March, 1942; Page 401 


— 
ry ‘ — 
ASTONISHINGLY pROMPT 
DELIVERIES are made 
on furnaces of all kinds, but 
plans for new equipment should | 
be giscussed now: Ask for 
special bulletins on any type 4 
of furnace you need, and let 
out enginee'® consult with you 
and offet theit 
wRITE 


New Products Available 


Marking Defense Parts 
Pointing out that defense 
parts must be numbered and that 
wire, rods, strips and tubes have 
to be marked, this company 
announces the “Marking Roll and 
the Press Stamping Die”. As 
parts are rolled or extruded, they 
pass underneath the marking 
roll, coneaved on the face and 
engraved with raised lettering or 
numbering that impresses the 
mark. Diameter of the roll deter- 
mines distance between marking 
intervals. The stamping 
die is placed in the ram of a 
10-ton or heavier punch press 
and a guide for positioning the 
part on the bed of the press com- 
pletes the setup. By guiding the 
part so that the mark is stamped 
in the center of the most uniform 
flat surface, no damage to the 
parts results but a perfect mark 
is obtained, the manufacturer 
Says. (No. 16) 


press 


Dust Arrestor 

The view shows “Dustkop” 
mounted on a_ pedestal tool 
grinder. Described by the manu- 
facturer as a device that arrests 
dust at its source, before it can 
do costly damage to equipment, 
spoil precision work and impair 
the usefulness of valuable oper- 


ators. Dirt-laden air thrown off 
the grinder is pulled through the 
flexible hose into the two-way 
intake, and ejected through the 
louvered cover as clean, dust- 
free air. Delivery on high pri- 
ority orders can be made in three 
weeks. Price, $95.00. (No. 17) 


Magnetic Separator 

A permanently magnetic 
“Ferro-Filter” is described as 
adapted to the removal of harm- 
ful fine iron and steel particles 
from circulating coolant systems 
of machines used in tapping, 
grinding, deep hole drilling, 
reaming and rifling — also from 
circulating lubricating oil sys- 
tems of pumps, blooming mill 
engines, rod mills, and roll 
grinders. (No, 18) 


Rustproofing and Cleaning 

Solution 

“Ruscat” is a new solution 
developed for cleaning metal 
surfaces before application of 
corrosion resistant coatings and 
also for preventing further rust 
formation. Is said to produce a 
mild etch over metal surfaces, 
and develop a chemically adher- 
ent inorganic base over which 
lacquers and coatings gain maxi- 
mum adhesion. May be applied 
by brushing or dipping. (No. 19) 


Processing Aluminum Alloys 
This two-strand, cross-rod 
conveyorized processing machine 
is designed for cleaning and 
treatment of aluminum alloy 
sheets and parts according to 
U.S. Army and British specifica- 
tions. Used in aircraft plants to 
make aluminum parts less per- 
vious to effects of moist air, and 
to provide a better paint bond. 
Incorporates hot alkali wash, hot 
water rinse, hot chromic acid 
dip, hot water rinse, and oven 
dry-olf. Oven is located over the 


We will gladly pass on to the manufacturers requests for fut 
information on products described here and on Page 404. 


top of the dip tanks, — thas » 
conveyor and work p thro 

it on their return ht, th 
eliminating rehandli of 


work. Another feature is ¢} 
both steam and acid fumes 
fully exhausted. No. 2 
Remote Valve Control Unit 

A newly designed unit {i 
manual control of remote yal) 
dampers and other pneuma 
equipment; said to hold pre: 
sures to narrow limits. Useful 
other applications, such as se 
ting control points of dis 
tant instruments, or positioning 
of pressure-producing pisto 
located inaccessible poi 
Operates over distances as g: 
as 1,000 ft. No. 21 
Hydraulic Testing Machine 

Capacities up to 60,000 
for single or multi-purpose tes 
ing including tension, comp! 
sion, transverse and_ Brin 
hardness. Extensometer, sy 
men, load indicator and sp 
control seale can be obser 
from one position, No, 22 
Oil Cooler 

“Rapid Oil Coolers”; said 
maintain a constant temperatu 
in oil quenching baths, a neces 
sity in producing uniform que 
ity in heat treated meta! 
Designed in sizes to cover ev 
capacity requirement. (No. 
Brazing Bombs 

A high frequency brazin- 
unit has been developed for bra 
ing bomb parts in fixed positio! 
After surfaces are prepared ane 
a ring of compound placed, th 

(Continued on page 4 
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the paragraph numbers of the items in which you are interes 
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OR SAND aNo PERMANENT MOLD 


* Because this war must be won 
to save everything that United 
States of America represents, we, 
like many other manufacturers, will 
devote our entire production to 


war-time materials. 


However, during this period 
National will endeavor to continue 
its pioneering, engineering, re- 
search and development. To our 
customers and to every one else 
using sand and permanent mold 


CASTINGS 


aluminum castings, we pledge 
to continue making our products 
in a manner that will justify their 
confidence. Our increased plant 
facilities will also enable us to give 
our customers better service and 
if humanly possible, better quality 
than ever before. 


In times of war, prepare for peace 
... plan now to make National your 
source of supply for sand and per- 
manent mold aluminum castings. 


THE NATIONAL BRONZE AND ALUMINUM FOUNDRY CO. 
Cleveland, Ohio 


Twin Plants 
NEW YORK, 111 Broadway + DETROIT, Stephenson Bidg. 
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New Products 


(Continued from page 402) 
assembly is heated by placing it 
inside the induction ring. Parts 
are brazed together with no resi- 
due to clean up. Heat is localized 

joint always the same — prac- 
tically 100% perfect —time is 
one-third that required for weld- 

ing, the manufacturer says. 
(No 24) 


Humidity Control 

“Kathabar” system of humid- 
ity control provides flexibility in 
operation with a dry blast of 1 
grain per cu.ft. attainable, this 
manufacturer says. System has 
been developed for drying wind 
for the blast furnace or cupola, 
and for the laboratory atmos- 
phere where operating conditions 
must be maintained at one level. 
Steps up production in blast fur- 
nace and foundry and increases 
quality of product. (No. 25) 


a domestic-mined metal, 
makes possible continued production 
for many civilian needs. 


INDIUM alloyed with nonferrous metals, or plated and diffused 
by our patented processes, provides a continuous bright surface 
with great resistance to wear, fatigue corrosion, friction, stress, 
abrasion, and tarnish. INDIUM, in small quantities, increases 
tensile strength and is recommended for machined-to-size articles. 


These properties are of opportune value to Industry now. 


INDIUM, easy to handle in plating and alloying, can be accurately 
controlled by our patented processes for standardized results. 


Ample supply and prompt deliveries of this commercially priced, 
domestic-mined metal prevent production stoppages. 


Such leaders as White Motors and Cummins Diesel Engines are 
among our many satisfied and enthusiastic users. 


Write now for specific information pertinent to your 


problems. 


THE INDIUM CORPORATION OF AMERICA 


Research and Development Office Sales Office and Laboratory = 
60 East 42nd Street, N. Y. C. 805 Watson Place, Utica, N. Y. 
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Industrial Brush 
New type of tan jeo fily 
industrial brush is 
speed war production 
shipbuilding and othe idustric. 
requiring brushing eq: pmey: 
remove burrs or fini Weld; 
seams. Used with pro ver 
sives, brush will reriove 
marks from aircraft motor parts 
such as connecting rod tappets 
cams, etc. Used without ab; 
sives, brush will remove 
without damage from mets) 
such as aluminum and Alels¢ 
No. 2% 


Rust Prevention 

Pointing out that fingerprints 
may induce corrosion, this com. 
pany offers “Ply-Rustex” creay 
which is applied to hands 
workers before contact wit! 
highly polished metal surfaces 
Eliminates perspiration corr 
sion and other forms of rusting 
Such focal points of rust a 
said to be sealed in by ordinar 
rust preventives. (No. 27 


Peel Re-surfacing 
Re-surfacing and mainte. 
nance of peels for charging 
steel scrap into openhearths 
with “HCPF” welding electroc 
-is said to produce from four | 
eight times longer service. Peels 
subjected to heavy abrasion ca 
now be maintained with 
monthly surfacing. Said | 
typify the many opportunities 
for improved welding due to the 
rapid advancement in electroc 
manufacture. No. 28 


Saves Insulating Material 
Improved design in meth» 
of insulating pots for electri 
salt bath furnaces has decrease 
amount of bricks requires 
reduced maintenance 
increased the working space 
as announced by manufacturer 
of “Electrothermic-Permeation 
type of salt bath furnaces 
Designed for low temperatures 
and thus does not require bric) 
insulation except at corner 
where electrodes are laced 
When bricks are to be revewee 
it is only necessary to sli then 
out at the top and replac hem 
moreover, the absence 0! 
from the wall area adds ‘uabl 
working space. 2 


ricks 
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NIGHT ano DAY 


,— Stainless Electrodes are being pro- 


duced and are being used around the clock by 


the nation’s welders. You can be sure, it’s 


ATLANTA, GA. 
BUFFALO, 
BORGER, TEXAS . 
BOSTON, MASS. (Belmont) 
CHICAGO, 1k. . . 
CINCINNATI, OHIO . 
“LEVELAND, OHIO . 
OLUMBUS, OHIO 
DETROIT, MICHIGAN 
RIE, PENNA. . 
T. WAYNE, IND. . 
ONOLULU, HAWAII 
OUSTON, TEXAS 
ANSAS CITY, MO. . 


° H. Boker & Co., Inc.; 


; Arcos! 


CORPORATION 
401 Broad St., Phila, Pa. 


“QUALITY WELD METAL EASILY DEPOSITED” 


Distributors Warehouse Stocks in the Following Cities: 


J. M. Tull Metal & Supply Co. 
- « «+ Root, Neal & Co. 
Hart Industrial Supply Co. 
BE. Flake 
Machinery & Welder Corp. 
Williams & Co., Inc. 

Williams & Co., Inc. 

Williams & Co., Inc. 

C. E. Phillips & Co., Inc. 

. Boyd Welding Co. 

‘Wane Welding Supply Co., Inc. 
Hawaiian Gas Products, Ltd. 
Champion Rivet Cd. of Texas 

¥ elders Supply & Repdir Co. 


KINGSPORT, TENN. 

LOS ANGELES, CALIF. 
MILWAUKEE, WIS. 
MOLINE, ILL. 

NEW YORK,NY. 
OKLAHOMA city, OKLA. 
PAMPA, TEXAS 
PITTSBURGH, PA. . 
PORTLAND, OREGON 
ROCHESTER, N.Y. . 
SAN FRANCISCO, CALF. 
SEATTLE, WASH. 

ST. LOUIS, MO. 
SYRACUSE,N.Y. . 
TOLEDO, OHIO 
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Stip- Not Betting Corp. 

Bucommun Metats & Supply Co. 
Machinery & Welder Corp. 
Machinery & Welder Corp. 

H. Boker & Co., Ince. 

Hart Industrial Supply Co. 

Hart Industrial Supply Co. 
Williams & Co., Ine. 

. Industrial Speciatties Co. 
Welding Supply Co. 

Dusomman Metals & Supply Co. 
H. A. Cheever Co. 
‘Machinery & Welder Corp. 
Welding Supply Co. 

. Williams & Co., Inc. 
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Heavy Alloy 


(Continued from page 337) 
there is little tendency to sinter 
and consequently it does not 
matter if pieces are in contact 
with one another in the furnace. 
In the second stage of the firing 
a liquid phase is formed, and it 
is important that the briquettes 
should not be in contact with one 


another. During this second fir- 
ing, a linear shrinkage of up to 
20° occurs on all dimensions, 
and this must naturally be taken 
into consideration when design- 
ing the dies. 

Heavy alloy thus prepared is 
entirely free from porosity and 
has the properties of alloys pre- 
pared by melting and casting. 

It was found that for a given 
percentage of tungsten, the maxi- 
mum density is obtained when 


-because... 


It increased production 42%! Ductility 
Plus 
It saved $29.64 per ton used Machinability 
(230 SFPM) 


it reduced warpage 75% 


It carburized without soft spots 


THANK YOU! To friends both old and new... thanks for your patience. 
We are doing our very best for Defense... and also for you. 


Licensor 


MONARCH STEEL COMPANY 


HAMMOND INDIANAPOLIS CHICAGO 
PECKOVER'S LTD., Toronto, Canadian Distributor 


Licensee for Eastern States 


THE FITZSIMONS COMPANY 


YOUNGSTOWN, OHIO 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 
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the ratio of nickel to per js 


about three to one; m \imup 
tensile strength obtains hep j 
is three or four to one. OVS in 


which the copper exceed 
in amount do not sint satis. 
factorily, and are likely to jy 
porous. Alloys approach thei 
theoretical densities mor: close) 
as the percentage of tungsten 
reduced, but the theoretic, 
values for density, at the same 
time, become less. 

The optimum tungsten cop. 
tent is between 89 and 93%. | 
the combined nickel and coppe 
additions exceed 10% the amount 
of liquid formed during sinter. 
ing may be sufficient to caus 
the body to lose its shape. On 
the other hand, the sintering 
mechanism does not proceed 
within a reasonable time or at 
a practicable temperature if the 
nickel plus copper content jis 
less than 5 or 6°. The best com- 
position for production is close 
to 90% tungsten, 7.5 nickel, 
2.5°° copper, although this com- 
position can hardly yet be taken 


as “standard”. 

The portion of the alloy 
which is liquid during sintering 
should not only wet the tungsten 
but actually dissolve it. There- 
fore, the process is more rapid 
the greater the percentage ol 
fine particles, and the sintering 
temperature is lower the fine! 
the tungsten powder. 

The higher the compactins 
pressure the smaller will be th 
shrinkage, but the final densily 
will not be appreciably alfected 
For normal purposes a pressur 
of 5 tons per sq.in. is adopted 
the percentage shrinkage in this 
case being 17 to 17.5%. 

There is a critical sinterin: 
temperature corresponding © 
the appearance of a liquid phas' 
thus depending on the compe 
sition of the alloy. A very rapi¢ 


change in density occurs (1 th 
hot compact between 26 and 
2750° F., and sintering «ould 

the 


be carried out as near 
critical temperature as pP ible 
(Continued on page 41 
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No. 12. 


STRONG JOINTS—120 PER HOUR 
EASY-FLO a Fast 
HEATING PRocevuRE! 


This job is another example of the high production 
metal joining that can be obtained by the fast action 
of EASY-FLO brazing alloy plus a procedure de- 
signed to facilitate handling and give fast heating. 


THE JOB — Joining the steel nosepiece to a 


steel shell. 


PROCEDURE — After fluxing, a ring of 


EAS Y-FLO is preplaced ina groove in the nose- 
pieces which are then assembled in the shells. 
Next the assemblies are placed, 7 at a time as shown 
at the left, in the hexagonal shaped holes in the coil 
fixture of an induction heating unit. The switch 
lever is thrown and ina matter of seconds the 7 joints 
are made — joints that meet all physical require- 
ments. 


One feature of EASY-FLO is that thin films make 
the strongest joints. This cuts down the amount 
of alloy needed. On the job illustrated, it takes 
only 40 ounces of *«;” of EASY-FLO wire to make 
1000 joints. Preplacing the alloy gives accurate 
control of the amount of alloy used. 


MAYBE WE CAN HELP YOU 
SPEED UP YOUR BRAZING... 


If you can use increased production — or better joints 
—on any ferrous, non-ferrous or dissimilar metal 
joining job, we'll be glad to send a Field Engineer 
to show you what EASY-FLO can do and help 
work out the most effective handling and heating 
procedure for the job. 


For complete EASY-FLO details, write for 
Bulletin No. 12. 


Agents in Principal Cities, In Canada: HANDY & HARMAN of Canada, litd., Toronto 
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Ar THE THOUSANDS OF . 
| yic TORY PRODUCTION JOBS } 
BEING BRAZED WITH. -- 
\ 
| 
* REASONS WHY, EASY-FLO 
SOUND JOINTS 
instant its flow point 
oint and inte the surfaces of the metals, actually alloy 
with them. Add to this fast and complete penetration the = 
ow working temperature of EASY-FLO— 1179 F.—and 
4 e answer to EASY-FLO brazing: SPEED plus 
ty. Complete details are given in Bulletin | 


Heavy Alloy 


(Starts on page 337) 

Microstructural changes 
occurring during sintering indi- 
cate that between 1800 and 2000° 
the nickel and copper parti- 
cles become alloyed by diffusion, 
and cohere slightly to the tung- 
sten grains. Above the melting 


the tungsten particles are rapidly 
dissolved by the liquid phase, 
but tungsten is re-precipitated 
on certain nuclei and develops 
into the characteristic large, 
rounded grains. This process 
continues until all the original 
fine tungsten particles are 
replaced by fairly uniform grains 
with diameters about 100 times 
those of the original particles. 
The more important physical 


point of the nickel-copper alloy properties of heavy alloy are: 


A PLEDGE AND A PROMISE 


Designers and manufacturers of a diversified 
line of heat-treating furnaces since 1908, R-S 
pledges full support of the all-out production 
effort so that Democracy and our free way of 
life may survive. Now is the time when special- 
ized experience and speed can best serve the 
common goal of supremacy over aggression. 


Steel and other metals for the implements of 
war must be heat-treated. R-S Engineers are 
specialists in the manufacture of heat-treating 
furnaces — furnaces that are designed for every 
heat-treating operation and for uniform, peak 
production. Previously arranged plans permit 
of surprisingly fast deliveries. 

For the speedy solution of emergency heat- 
treating problems, R-S promises full coopera- 
tion for the duration. 


Call on experienced R-S Engineers. 


R-S PRODUCTS 
CORPORATION 
110 Berkley Street 
Philadelphia, Pa. 
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Properties of Heavy: 

90% W, 7.5% Ni, 2.5% Cy B. 
Tensile strength 90) 
Yield point 83 ps 
Elongation in 1 in. 

Elastic modulus 32 108, 
Brinell hardness 94) 
Specific gravity 
Weight 0.4 Ib. 
Coeflicient of expansion 
Thermal conductivity — | ( 

Specific resistance l 


Heavy alloy is very resis! 
to atmospheric corrosion and | 
good machining properties 
may be plated with any of 


usual finishes such as. ni 


cadmium or chromium. 1! De 
strength of heavy alloy, of » Detroit 
particular composition, is a fu mi9-4 
tion of the density and there! : 
it will increase as the sint 
proceeds. 

Heavy alloy may be brazed 
silver soldered to other metal 
using the ordinary fluxes, a 
hydrogen welding is able to j 
pieces together. 

Heavy alloy was develop 
originally for the container a 
nozzle of radium units. It 
now used for screens in \-! 


tubes, for cosmic ray absorpt) 
measurements, for the constru 
tion of surface applicators 
radium treatment, and as 
screening material resea! 


work on radioactivity and radi 
graphic examination of mate! Ney 
als. Other more “practical” uses ae 
in addition to the “scientili 
cluster about its utility as « 
tact surfaces of electrical circ 
breakers. A layer 4 in. thi 


was found to be sufficient | p 

limit the burning to a tcleral | 

degree. D 
Probably its major appli pry 

tion is for mass balancing 

high speed machinery. \ rol 

ing piece of heavy alloy is cap* c 

ble of storing twice as 


energy as a piece of stee! 
same size, and it has i 
greater strength and heat 
ance than lead. Alloy the 
90% W, 7.5% Ni, 2.59% Cu type! 
therefore very suitable [> & 
engine work. 2 


Ba 

ad 
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IRS FURNACES 


Buffe N.Y. 
Strong 5! undry Co. 


Sy Norris St verside 2700 
Chicago 
ide Stee’ oundry Company 
1300 East 92nd Street 


Cleveland, Ohio 


ible Stee! Casting Company 
& West 84th. WOodbine 4613 


Detroit, Michigan 
Detroit Stee! Casting Company 
4069-4140 Michigan Avenue 

LAfeyette 5710 


Houston, Texas 
Electric Steel Casting Company 
ust & Gillespie. Fairfax 8117 


Indianapolis, Indiana 


ctric Stee! Castings Company 
dway. Belmont 0400 


ilwaukee, Wisconsin 


Sivyer Stee! Casting Company 
5S. 43rd St. Mitchell 1442 


Newark, New Jersey 

American Steel Castings Co. 

venue 'L”’ and Edwards Street 
Market 3-5464 


Philadelphia, Pa. 
Dodge Steel Company 
MA Yfair 1650 


Toledo, Ohio 


Corporation, Steel Casting Division 
Front and Millard Avenue 
POntiac 1545 


PY 
Tulsa, Oklahoma 


homa Ste astings Company 
N. Peor 5-9286 


FIELDS IN WHICH STEEL CASTINGS 
ARE CONSTANTLY USED 


Aeronautical 

Agricultural Machinery 
Automotive 

Bearing 

Boiler, Tank & Piping 

Bridge 

Chemical & Paint Works 
Compressors (Pneumatic) 
Conveyor & Material Handling 
Crushing Machinery & Cement Mill 
Dredge 

Electrical Machinery & Equipment 
Elevator 

Engine 

Food Processing & Packing Plant 
Foundry Machinery & Equipment 
Gas Producer & Coke Oven 
Gears 

Heat Treating Furnace & Equipment 
Hoist & Derrick 

lron & Steel Industries 
Metallurgical Machinery 
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Mining Machinery & Equipment 

Oil or Gas Field & Refinery 

Ordnance 

Overhead Crane & Charging 
Machine 

Paper Mill 

Printing Press 

Pump 

Railroad 

Refractory, Brickyard & Ceramic 

Refrigeration Machinery 

Road & Building Construction 

Rubber Mill 

Ship & Marine 

Shoe Machinery 

Smelting Plant 

Spray Painting Equipment 

Steam Turbine 

Street, Elevated, & Subway Cars 

Textile Machinery 

Valves, Fittings & Piping 

Well Drilling Equipment 


ry 
« 
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E od 
e 
I 


Notes About Contribuios; 


C. F. Nagel, Jr.. who shows on page 323 how 
the vague inspection standards now in use are 
hampering aircraft production, has spent his entire 
metallurgical career in the Aluminum Co, of Amer- 
ica. He is chief metallurgist of the fabricating 
division at the present time, a job he has held since 
1928. Mr. Nagel is a graduate of Cornell University 
where he received his Bachelor of Arts degree in 
1914 and Bachelor of Chemistry in 1915. His first 
position in the Aluminum Co. was that of assistant 
to the chief chemist. He was later placed in charge 
of the products and process division of the tech- 
nical department and in 1923 was made assistant 
technical director. Upon reorganization of the 
company’s technical department, he was placed in 
charge of the newly formed fabricating department. 
Here he has spent a great deal of his time in study- 
ing the adaptability of aluminum and aluminum 
alloys to aircraft. 


Norman Fenwick Tisdale, a native of Canada, 
entered Queens University, Kingston, Ont., but 
before completing his course, took time out for 
service in the first World War. He returned to 
Canada in 1919 and graduated as Bachelor of Sci- 
ence in chemical and metallurgical engineering. 
Since then he has been employed as research metal- 
lurgist on cobalt for the M. J. O’Brien Co., metal- 
lurgist for General Motors, Rolls Royce Automobile 
Co., and Lincoln Automobile. Later he was 
employed as a metallurgical engineer for Haleomb 
Steel Co., Ladish Drop Forge Co., Union Electric 
Steel Co., Republic Steel Corp., Titanium Alloy Mfg. 
Co., and for the past seven vears as metallurgical 


P. H. 


Vetal Progress: 


engineer for Molybdenum Corp. of America. Hp 
is now a member of the Board of Trustees, @. 


One of the best known authorities in the coup. 
try on copper alloys and all phases of their produe. 
tion, treatment, testing and uses, D. K. Crampton 
has been employed continuously by Chase Brags 
and Copper Co. since 1916. He served first as 
assistant metallurgist, was chief metallurgist from 
1921 to 1924, and has been since then director of 
research. He is a New Englander by birth as we 
as education, having attended the New Haven pub. 
lic schools and Yale University, where he receiv 
a Ph.B. in 1916, M.S. in 1918, and Ph.D. in 1932 
He has served one term on the Advisory Board 
of MeraL ProGress, and is currently Chairman o! 
the Institute of Metals Division of the America: 
Institute of Mining & Metallurgical Engineers. 


P. H. Brace was born in Leavenworth, Kansas 
in 1890 but moved to Denver at an early age. His 
father was a mining engineer so he learned a great 
deal about metals and their application at home 
However, his degree (University of Colorado, 1912 
was in electrical engineering. After graduation ly 
enrolled in the Westinghouse student training 


course and became interested in research. He was 
one of the original members of the Westinghous 
Research Laboratories, where his work has involved 
intent study of special metals for the electrica 
industry. At present he is consulting metallurgis! 
in the laboratories. 


NorMAN F. TISDALE D. K. Cramp 


Page 418 


AL\ AN 
4 
be 

4 

? 

Cc. F. NaGger, Jr. 


i 


1¢€ pockets en 
were clippings of the 
s, which I had 
g whet acting as 
my old friend's 
He Guy, that man, 
nis vuth, he 
twelve nd then 
rvard, he studied 
England, learned the 
nd blacksmithing 
carried a 

life, he 

S¢ na oniy to his 
was a Captain in the 
t war le worked, 
what made all things 
m mechanics into 
Adolf Hitler under 

i discussed Germany 


own notes on the 

l, and we were in 
thirties THAT 

t be annihilated finally 
world, THE SOONER 
H published reams of 
l as a 
sample f CLEAR 
ting credit of Alvan 
f the Simonds 


was astigate 


e Germans would 
Italy if they had won 
1 they do to Belgium 
which they did over 

uuvain library, the 
Rheims and the 


" if they ever win 
what they did to 
rs in the “Purge 


and are doing to 


ry If they win, 
earth but Hell 
not do unto them 
sy us, I mean the 
f the world 


e- 
next you plan a 


racts, why should 
1 arm, and keep 
because surely 
t int the field 
the next nation 


zed world ought 
© attack If 
i finally to have 
ner the cheaper; 
not that ‘‘hlood 


‘ai 


HEAT CORROSION 


A NEW VOICE 


A NEW VOICE will soon be heard in the 


land. \ stronger voice than the voice of 
Labor or Capital, with a truer ring. This voice 
will resound in the hearts of men and the marts 
of trade. It will echo in every workshop and 
every chartroom of industry. It will blast the 
yellow streaks in our flame of patriotism to blue 
and the blue to incandescence. This voice is 
the VOICE OF AMERICAN DEAD FROM 
THE FIELD OF BATTLE. It will swell toa 
mighty chorus before VICTORY IS OURS. 


0. each and every one of us let it be said 


that with our fighting forces we have kept faith 


P. MODLE WOOL! In the last war we kept 
a few hundred head of angora goats on our 
Champaign County, IIL, farms. The best wool 
bearers were selected for shearing, and the wool 
was specially spun into yarn dyed khaki, and 
shipped with our compliments to Mrs. Theo- 


RUPERT THE “POOD” 


dore Roosevelt at Oyster Harbor. This Graci 
ous Lady supervised the knitting of many “T.R 
\ngora” sweaters for our Soldiers in France, 
where they became prized possessions. In fact, 
it is rumored that Charles MacArthur, play- 
wright, who later married Helen Hayes, traded 
three M’lles and a Primus stove for one. 


Bory EEN wars people got every goat we 
had, but beginning with Pearl Harbor we 
began shearing Rupert, our French Poodle, 
whose hair is to goat wool like Q-Alloy to a 
steel foundry hi-carbon copy. When we went 
to put the last shearing in the bag out flew 
a squadron of saboteur moths so laden they 
could just make nine inches of altitude. We 
had planned to send that Poodle wool to Mrs 
franklin D. Roosevelt. Rupert is growing a 
new crop, and if all goes well some Jap- 
Smasher will have a crop of brown down on 
his chest that he'll have to comb the Gidgies 
out of with a bayonet. 


wipes out the ink”’’ but that “the pen is mightier 
than the sword.”” Let them remember that ir 
dividual freedom of speech, freedom of worship 
and freedom to vote for leaders according 1+ 
their own individual choice are without price, 
and neither gold nor raw material nor territory 
will ever be of any use as a source of happiness 
for the people unless these conditions accom 
pany them. 


Ss. America, get ready for the next war 


do not delay Learn from the sacrifices of t 
past that no matter what America wishes, s! 
not keep out of the next world war te 
ly if Germany and Italy and Japan want a 
aT"mament race, want plans laid for poison gases 
ind pollution of water supplies, let them re 
member that America cannot be left out of the 
alculation and that America will always take 
sides first with those who have the greater 
morality, the greater humanity, and against 
those who believe in calling contracts “Scraps 
f Paper’ and that “Blood wipes out the ink 

Arvan T. Sitmonps 
Fitchburg, Mass., May 18, 193¢ 


tain 


NEW PROCESS FOR VICTORY 


Ti above castings are part of an assembly for one of 
the several new processes pointing the wedge to Nazi defeat 
through better tools for fighting men. 


Noruinc so clearly illustrates the difference betwee: 
General Alloys as an engineering organization and the 
horde of steel foundries who make alloy castings as the 
engineering development problems and alloy mechanist 
that we are doing—both alloy engineering and process en- 
gineering involving alloy mechanism, as well as developing 
new types ot foundry practice to meet unusual needs in the 
VICTORY program. 


Tur real way to save nickel and chrome for Defense is 
through lighter sections, better design and the elimination 
of alloy abuse. Stop using trays as ramrods—stop build 
ing dumb stuff out of alloy that just sits and grunts whet 
the same weight of alloy could go to work and speed De- 
fense production 


P ROPER application of alloy is an engineering job. You 
can count the ‘alloy engineers of America on a crippled 
hand. General Alloys’ experience, facilities and organiza- 
tion are still open for more VICTORY process and product 
developments. 


G. ISH, how the air improves heading out of Washington, 


D.C. D.C. Cabbies are cynics. “Them Natzeys ain't agoin’ 
to mob Washington,” says one. “They're too smart to lift 
the U. S. Handicap”. Most Cab Drivers were worrving 
about tires, but not Pete from Baltimore who just bought a 
D. C. cab. “These Pols are going to have cushions undet 


their tails and roll on rubber even if the rest of the country 
walks.” “Most of these birds came down here by suckin’ 
and stayed here by blowin’” continues Pete. Joe is a 
colored rubber in Rigg’s Turkish Bath who meets “States- 
men” en repose. “Mosta de gemmun is a-drinkin’ strain 
cure outa de bottle. Holdin’ onta de labor vote wit dere 
two hans an’ wavin’ de flag has got ‘em plumb tukkered 
out” opines Joe. The finishing touch on Washington is 
supplied by our old friend Harry McQuaid 
circulated a phony password around here last week 
‘SNEFU’. We've been trying to de-code it and have s 
tar doped the first two letters as ‘Situation Normal’.” 


‘Somebody 


S. RIOUSLY, Washington would be a far worse place 
it there were not so many sincere competent people work- 
ing their heads off, and doing a darn-creditable job of con- 
structive RESULT GETTING. Many. Many “Impossible” 
jobs are rolling off the line. Over one able Officer's desk 
hangs a sign “The Difficult we do IMMEDIATELY. The 
IMPOSSIBLE takes just a little bit longer.” THAT 
SIGN IS NO JOKI When we catch up with those laps, 
they'll think the at that swallowed the quart of castor oi! 
was only having “The Pause that Refreshes.” 


GENERAL ALLOYS COMPANY 


367-405 W. FIRST ST.. BOSTON, MASS. 


Offices in Principal Cities 


weather in Boston. Put- 
t t ay 
Heaven 


Surface Quality Pape 
material is perfectly satisfactory. is only sufficient to pre cnt this 

Moreover, the smaller, lighter whole complicated situs on jy , 

(Continued from page 329) sections are never employed as rather sketchy manner, |{ might 
as a column. However, when long columns, but it is just with not be amiss to add hat the 
the lack of straightness is so these smaller sections that the author, during the p three 
Slight that the section can be greatest expense is incurred in years, has discussed this subject 
caused to touch all portions of a meeting current straightness with many people both in goy. 
flat surface upon the slight pres- requirements. Many of these ex- ernmental and commercial gyis. 
sure exerted by one’s finger, and truded shapes are later cut up into tion and, without ex; ptior 


the author believes that such 


The space allotted x 


their belief has been that it ix , 
very important situation, one 
that vitally affects Speed of pro- 
duction. Everyone admits tha 
something should be done, by 


when the shape is so fastened in rather short lengths, although 
the straightness requirement is 


the completed structure that any 


original bow is obliterated, then applied on the entire piece. 


no one can answer the question, 7 
“Who shall do what?” . 
A couple of years ago my 
recommendation would have 
been that a qualified group 
or should be appointed, sponsored 
by some neutral agency, auth 
ized to plan a test progra: 
gather the data, and reduce th 
results to some form that may |» 


expressed in a_ specification 
terms understandable to inspec- 
tors, free of ambiguity. Such 
ih program should precede any 
change in specifications. 


ND. 

| fear the time is not no 
available to proceed in that man- 
ner. We now need immediat 

action and results. 
Many of the quality questions 
raised in this article can 
ed undoubtedly be answered quit 


reliably by individuals who know 


ANNEALING 
in terms of production of extru 
sions, sheets, and forgings, who 


KEMP SILICA GEL DEHYDRATORS know what these requirements 


mean in terms of fabrication into 


guarantee the exact degree of dryness you <r 
completed air frames, and who 


know how these quality matters 
have affected the performance: 
aircraft in the air. In the pres: 
situation, such joint action mus 
be taken under the sponsors! 
of some governmental agence) 
such as the group responsible ! 


need in your annealing atmospheres. 
STANDARD UNITS 


BUILT TO GIVE: 
Capacities: 
10 to 100,000 c.f. m. 
Pressures: 
Atmospheric to 2500 
lbs. per square inch 
Adsorbent: 
Silica Gel, high ca- 
pacity, long life 


Designed by gas equipment engineers; 
ans and proven by an impressive record of 
a dependable and economical operation in 
plants demanding constant and exact drying 


of annealing atmospheres. 


Write The C. M. Kemp Mfg. Company, Activation: bic 
: 405 East Oli St t, Balti By gas, electricity the Army-Navy aerona 
as aver reet, Saitimore, or steam, as desired standards. The situation © 


nhs Maryland—ask for Dryer Bulletin. Types: 


Single ortwintowers 
for intermittent or 
continuousoperation 


KREMP of BALTIMORE 


serious enough a couple of year 
ago when the aircraft progra® 
was just getting under w 

has now become vastly mo! 


serious, when every effor! ™ 
be strained for more plat & 
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NAVY pennant flying 
| over the Bausch & Lomb plant 
is official recognition of accom 
on tor Victor, 


Plishment in Produc 
it symbolizes a singleness of pur 
pose that justifies any sacrifice you 


or we may be called upon to make 


Heritage From Saratoga 


| they faced that day at Sara- 
i, Burgoyne’s Redcoats remem- 
ngest the withering accuracy 
n's Virginia riflemen. So it was 
wpens. Later, at New Orleans, 
Kentucky sharp- 
ved Napoleon himself, when 
of it, to write that it had 
the face of war. And all down 
thre ugh the Argonne, Amer- 
nentslearned a healthy respect 
nies of a nation of riflemen. 
accident. The 
hot for prizes. The pioneers 


Iness of 


kill was no 


practiced for their lives. Generation 
after generation, Americans grew up 
with the rifle. “Shooting at a mark” 
for sport has been a great foundation 
of American readiness for defense. 
Today, on hundreds of ranges across 
the nation, shooters Strive to attain the 
skill that groups shots in a smaller and 
smaller circle. At their matches, you'll 
see a predominant use of Bausch & 
Lomb Ray-Ban Shooting 
Glasses, the safe, scientific glare protec- 


pre ducts. 


tion. Spotting Scopes, with which the 


shooter spots his shots and dopes wind 


conditions and “mirage.” 

And the marksmanship that mak: 
American naval gunners the most a 
curate in the world is due in no small 

optical 
range find 


measure to the excellence of 
gunfire control equipment 
ers, binoculars, aerial height finder 


produced by Bausch & Lomb. 


BAUSCH & LOMB 


OPTICAL CO. © ROCHESTER, NEW YORK 


ESTABLISHED 3 
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Electron Microscopes 


HE MICROSCOPE has played 

an important part scientific 
discoveries but it is being sur- 
passed today by a new type of 
magnifying instrument known as 
the electron microscope, which 
is extending the range of useful 


limits. The discovery that beams 
of electrons could be focused by 
magnetic or by electric fields and 
the demonstration of their wave 
nature led to the development of 
the electron microscope. Useful 
magnifications of almost a mil- 


magnification far beyond its old lion fold have been obtained. In 


Typical parts made of Ampco Metal shown at right. 


Longer service life of machine parts be- 

comes imperative when a war production 
line may depend upon the smooth functioning of a machine 
tool. Today, many vital frictional parts have been redesigned 
to include Ampco Metal, an alloy of the aluminum bronze 
class, because of its marked wear-resistance. 


Wears 5 to 15 times longer 


Actual installation tests prove that Ampco Metal has from five 
to fifteen times the life of ordinary bronzes. Today, as never 
before, such a metal appeals to production-conscious design- 
ing engineers as essential to continuous production. Many 
machine tool manufacturers have more than forty Ampco ap- 


— € Available plications in their line of tools. 
AMPCO LITERATURE Avat 


METAL, catalogue 22 
—Industrial Bronzes 
atalogue 
Coated Aluminum 
Bronze Welding Rod 
Ampco Metal in Machine — 
Ampco Metal in Bushings an 
Bearings 
Metal in 
pees Metal in Acid-Resistant 
Service 
Ampco Metal in Aircraft 
Ampco Metal Centrifugal 
Castings 
Ampco Metal in Heavy 
Machinery 
Ampco Metal in Gears 


Not only machine tools, but air- 
craft, ordnance, heavy machinery, 
and other important war equip- 
ment include parts of Ampco 
bronzes. Ampco engineers are at 
your service. Ask for Catalog No. 22. 


AMPCO METAL, INC. 


Department MP-3 MILWAUKEE, WIS. 
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both optical and electr. 


scopes the corpusel, lig} 
waves or electrons) con 4g frp 


the object are focused pop , 


image plane to form a agnific 
image of the object. Th y dig, 
in the method of focusing, «) 


manner of observing the imag, 
the way in which the details 

the object are distinguished, 9» 
the sources of illumination. 

Electron microscopes 
focused either by magnet; 
“lenses” (permanent magnets 
electromagnets), or electrostatj 
“lenses” (charged plates o; 
co-axial cylinders) in which the 
magnetic or electric fields hay 
a high degree of symmetry about 
one axis, so that all electrons 
coming from a point on thy 
object will again be brought 
together at a single point in th 
image plane. Focusing is don 
by controlling the potential of on 
of the plates or by changing th 
current in one of the electro- 
magnets. To get high magnifica- 
tions the distance object lens 
must be small while the distance 
of lens to image must be large 

Certain simple forms of ele 
tron microscopes do not employ 
lenses. In these the image 
formed by a radial projection 
electrons from the object. 

By placing a fluorescent 
screen at the image plane, th 
electron image becomes visib! 
The pattern can be recorded 
either by photographing th 
image on the fluorescent secre 
or by placing a_ photographi 
plate directly in the image plan: 

Turning now to the nature 0! 
the object being examined, ther 
are electron microscopes 
which the electrons pass through 
a thin object, others where th: 
electrons are reflected trom 
thick object, and still « thire 
where they come directly ! 
an object which emits electrons 


(Continued on page 434 


“er 


*“Electron Microscopes 4 
Their Uses”, by Joseph A. Becke! 
and Arthur J. Ahearn, 7 Sei 
entific Monthly, Vol. 53, Octod 
1941, p. 309, and “Electron |) 
tion Studies of Thin Films. ! 
Anomalous Powder Patter Pr 
duced by Small Crystals”, b | 
Germer and Addison H. Wh The 
Physical Review, Vol. 60, Set. ! 
1941, p. 447. 


The Maret Without An 
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2 
DEPENDABLE TRAINED 
METALLURGICAL SERVICE 
(tha ENGINEERS AVAILABLE 


Park “No Carb” ean be used for 3 
successful application, to prevent car- 
hurization, and also decarburization, 
on all types of steel including Molyb- 
denum High Speed Steels. No mixing 
necessary. Parts may be sprayed, 
dipped or covered by brushing with 
“No Carb” which dries in 15 minutes. 


4 


GUARDS 


YOUR 


Woodside’s Rapid Carburizer 


Charcoal - Coke base, depend- 
able and efficient. 


Park High Speed Salts 


Preheat, High Heat, Quench 
and Draw Salts for all types of 
High Speed Steels. 


Proven total costs as low as 7.7¢ 
per lb. of work treated possible. 


FOR YOUR ASSISTANCE Woodside’s Non-Burning Carburizer 


For large or smal! production 
carburizing. Average shrinkage 
2.2% per heat. Clean, dust free 
—low weight per cubic foot— 
highest fresh addition ratio. 


Park Neutral Reheating Salts 
For shell “‘nosing”™’, reheating 
or hardening operations with- 
out decarburization. Patented 
incorporated deoxidizer gives 
scale free. non -decarburized 
work. 


Heat Treating Park Products since ~ol 


MILITARY AVENUE DETROIT, MICHIGAN. 
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Electron 
Microscope 


(Continued from page 430) 

In the simplest electron 
microscope the object, in the 
form of a fine filament, is placed 
in the axis of an evacuated glass 
tube, the inner surface of which 
is coated with a fluorescent 
screen. The anode consists of a 


cylindrical spiral of wire in con- 
tact with the screen. When the 
filament is heated and a poten- 
tial difference of a few thousand 
volts applied between filament 
and anode, the thermionic elec- 
trons travel radially from the 
filament toward the screen. 

In the Miieller electron micro- 
scope the cathode consists of 
small wire whose end has been 
etched to a fine point. This 
“point” is mounted at the cen- 
ter of a spherical glass bulb 


Au cut PERFORMANCE 
for All out VICTORY / 


N the manufacture of Tanks, Guns, Machines, Tools, and the tens of thousands of 

various metal products so vitally essential to national victory, Dempsey Heat- 
treating Furnaces are important factors in production. Whether a giant ordnance 
or tank-factory furnace is required . . . or one for a small tool room, Dempsey engineers 
will design it and Dempsey factory craftsmen will build it. You are assured efficient, 
dependable performance backed by more than 25 years’ experience building industrial 
furnaces. The complete Dempsey line includes: 


Recirculating 
Continuous Conveyor 


Bright Annealing Cartridge 


Clean Hardening 
Shell Forging and Nosing 
Case Annealers 


Billet Heaters 
Coil Annealers 
Normalizers 


WRITE FOR BULLETINS AND COMPLETE INFORMATION 


DEMPSEY INDUSTRIAL FURNACE 


SPRINGFIELD, MASSACHUSETTS 
FURNACES—OIL & GAS BURNERS 


Offers Combined 50 Years’ Building: 
DEMPSEY FURNACES since 1917 + GILBERT & BARKER since 1908 
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whose inner surface Coat 
with fluorescent materi Wh 
a potential of a few sous» 


volts is applied to the sere, 
electrons are emitted aid tray, 
radially to the screen. Magni 
cations of half a million or » 

can be so obtained. 

The Davisson-Calbich mic, 
scope employs electrosta: 
lenses. The object, a narrow pj 
bon of metal, when heated, em) 
thermionic electrons. Some 
these pass through the sin) 
holes in the lenses and a» 
focused onto the fluoresce: 
screen. Magnifications of 50 ; 
500 are easily obtained. 

The “super-microscop 
employing transmitted electron: 
and magnetic lenses, is used | 
see very thin objects throug! 
which a stream of electrons 
projected. A beam of electrons 
at about 50 kilovolts strikes th 
specimen, which has been place 
near the objective lens. Differe: 
regions of the specimen absor! 
or scatter electrons in varying 
amounts. The electrons passing 
through the specimen form 
density pattern which the ob): 
tive lens focuses into an inte 
mediate image. This image 
magnified by the projector lens 
and the final image is form 
near the base of the microscoy» 
Useful magnifications as high as 
100,000 diameters have alread) 
been obtained with this micr 
scope and points on the obj: 
separated by only a millionth : 
a centimeter have been resolved 
Objects are usually mounted 
thin sheets of nitro-cellulos: 
Delicate objects are easily dan 
aged by the intense elect 
beam. Special techniques ha\: 
been developed for mountin: 
specimens and inserting then 
into the highly evacuated cham 
ber. A recently developed tort 
of this microscope has a High! 
microscope built into tt | 
simultaneous observation. 

In another type of microseo 
infra-red rays that have pass 
through or have been 
by an object are project 
a surface which emits el 
trons when it is so illuminatec 
The emitted electrons arc 
focused on a fluorescent ee! 


(Continued on page 4: 
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The accompanying illustration shows a design 

lve the problem of annealing and acid 
pickling artillery shell cases worked out by 
Driver-Harris Co. This fixture is made of 
Nichrome and Chromax, the two allies in alloys 
that suitably withstand both the annealing 
temperature and the pickling. 


The construction involves three baskets remov- 
able from the center post. These can be loaded 
separately and after loading placed on the 


CHROMAX* 
ane 
NICHROME* 


The Allies in 


Alloys 
Made Only by 


DRIVER-HARRIS 
COMPANY 


Harrison New Jersey 


* Trad ork Reg. U. S. Pat. OF. 


Production 
of Artillery Shell Cases 


center post. The design provides means of 
handling the assembly at either or both ends 
of the post so as to drain the shells of the pick- 
ling solution. Wire mesh liners are attached 
to each cast spider. 


These assemblies loaded are placed in vertical 
radiant tube furnaces with forced circulation. 


Just another heat resisting problem solved by 
Driver-Harris engineers. 


Chromax castings combined with Nichrome Sheet 
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Electron 
Microscope 


(Continued from page 43%) 
When 
used, the object is bombarded 
by primary electrons, 

One of the earliest uses of 


secondary electrons are 


the electron microscope was the 
study of thermionic emission, 
particularly the emission from 


thoriated tungsten, and it has 
been shown how thorium dif- 
fuses to the tungsten surface, 
how it migrates and evaporates, 
and how the tungsten’s structure 
influences these processes. 

The spherical microscope has 
been used successfully to study 
tungsten surfaces on which 
barium has been deposited, and 
to study the adsorption of OXV- 
ven. It has been demonstrated 
that the barium is not rigidly 
anchored to the tungsten but 


FROM METAL TO ARMS.. Zasdzer/ 


The Detroit Furnace is a fast melting unit. Faster melting 
speed means a higher rate of production with less labor 
and greater overall economy. Detroit Rocking Electric Fur- 
naces are being demanded, in ever increasing number, by 


armament makers. 


Working 8, 16 and 24 hours a day, Detroit Furnaces are 
today melting all types of brass, bronze and other copper 
alloys; high speed, stainless, heat and corrosion resistant 
steels; alloy grey irons, short cycle malleable, nickel, 
monel metal and many other special alloys both ferrous 
and non-ferrous for America’s Arms production. 


Not only for productive speed but also for lower metal 
losses, higher average quality of product, saving in floor 
space and plant equipment, you simply cannot beat a 
Detroit Furnace. Write today for further facts. 


DETR 


KUHLMAN ELECTRIC COMPANY 


+ BAY CITY MICHIGAN 
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begins to migrate at al yt 4): 
F., and that adsorhy 
hampers thermionic en 

The difference in the lee, 


emission from differen ery. 
faces of the same ) 
made the electron mij S 


particularly useful in study 
grain growth and trap, 
formations. The transmit, 
electron type of microscope ha, 
revealed several important fae, 
such as that the silver grains 

a photographic film resem) 
loose balls of thread, that vo 
minute particles in fine powd 
have the same crystal structy, 
as the corresponding large par! 
cles, and that the size and sh» 
of colloidal carbon particles 
smaller than that revealed | 
earlier techniques. In biolog 
fields, many interesting dets 
have also been revealed. 

As an instance of a metyi. 
lurgical application it may 
noted that some thin films 
copper diffract electron patte: 
in which the relative intensiti: 
of the rings in the image an 
quite abnormal. It has always 
seemed certain that this is caus 
by extremely small individus 
crystals; in exceptional cases |! 
qualitative term “partly am 
phous” has even been applied 
For instance the ring in the pa- 
tern emanating from the (2) 
plane of atoms is relatively ver 
weak in electron diffraction pa'- 
terns produced by small crystals 
of face-centered cubic type. | 
study this anomaly microph 
tometer curves were obtaine 
from copper films in which th 
mean linear dimensions of th 
crystals varied from 20 to 
Angstrom units. The ratio 
intensities of the (200) and | 11! 
rings was determined, and lou! 
to vary from 0.14 for the 2-4 
crystals to 0.42 for the 67-A cry 
tals. (This corresponds to th 
theoretical ratio for “coars 
grains, in the practical sens: 
After the usual corrections wer 
made for the scattering effec! 
from gas molecules which ma) 
have been present, it wouls 
appear that the very srulies' 
crystals contained some 
between 55 and 379 atoms each 
a somewhat smaller size (ha! 
that previously estimated. 2 
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